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1. Introduction

The remedial investigation and feasibility study (RI/FS) for the Reynolds Metals Company
(RMC) facility at Troutdale, Oregon, is being conducted under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) and an
Administrative Order on Consent issued by the U.S. Environmental Protection Agency
(EPA), Region 10, and signed by RMC in September 1995.

The Draft Remedial Investigation/Feasibility Study (RI/FS) Work Plan (CH2M HILL, May 8,
1996a) presents the rationale, strategy, and approach for the overall investigation of the site.
The purpose of the RI/FS is to assess the need for potential remedial actions and to evaluate
appropriate actions if they are needed. This document is an addendum to the RI/FS Work
Plan and presents the area-specific work plan for water bodies on or adjacent to the
Troutdale site. The results of this investigation will support the feasibility study process
described in the RI/FS Work Plan.

RMC and EPA have agreed to perform the project under the Superfund Accelerated
Cleanup Model (SACM), which places emphasis on collaboration, innovation, and early
action to reduce risk. Early action means action taken before a Record of Decision is issued.

1.1 Work Plan Objectives
This document presents the media/area-specific work plan for the surface water and
sediment areas (Columbia River, Sandy River, Salmon Creek, and East Lake) on or adjacent
to the RMC facility in Troutdale, Oregon. Figure 1-1 shows the location of each of these
water bodies in relation to the RMC facility.1 The objectives of this Surface Water and
Sediment Areas Addendum (SWSAA) are as follows:

• To identify potential additional data needs for specific areas or environmental media in
order to improve the existing conceptual models for each area

• To evaluate risk and preliminary remedial alternatives

1.2 Work Plan Organization
The SWSAA describes RI/FS activities for surface water and sediment in the Columbia
River, Sandy River, Salmon Creek, and East Lake. The RI/FS Work Plan provides the overall
context for this SWSAA, which follows the general process described by Section 4 of the
RI/FS Work Plan. It is organized in the following manner:

• Section 1 introduces the scope and context of the addendum.

1 Other water bodies at the facility, Company Lake and South Ditch, are part of the permitted National Pollutant Discharge
Elimination System (NPDES) treatment system and are addressed as part of the Wastewater Discharge Areas investigation.
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• Section 2 summarizes the characteristics of the Columbia River, Sandy River, Salmon
Creek, and East Lake.

jj • Section 3 summarizes the preliminary evaluation of human health and ecological risk,
applicable or relevant and appropriate requirements (ARARS), and the issues of concern

• at the site, and uses this information to identify data needs.

• Section 4 lists the documents cited in this SWSAA.
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The following subsections provide a summary description of the Columbia River, Sandy
River, Salmon Creek, and East Lake. The Draft Current Situation Summary (CSS) (CH2M
HILL, April 5,1996) describes the physical setting and site history in further detail. The
general locations of the surface water and sediment areas are shown in Figure 1-1.

2.1 Columbia and Sandy Rivers
Because the RMC site is located at the confluence of the Columbia and Sandy Rivers, the
area descriptions for both rivers are provided together. The physical setting, summary of
investigations, calculation of in-stream concentrations, and conceptual models for the
Columbia and Sandy Rivers are described below.

2.1.1 Physical Setting
The Troutdale plant is located southwest of the confluence of the Sandy and Columbia
Rivers. The Sandy River forms the eastern boundary of the RMC site. The lower reach of the
Sandy River is a shallow, sand delta. The main-stem channel meanders through this delta.
During drier periods (late summer and early fall), depths are relatively shallow, and water
flows in sheets across the sand flats. Depths in the lower reach vary with water elevations in
the Columbia River and freshwater input.

The Columbia River forms the northern boundary of the RMC site. It is a tidally influenced
freshwater river; the depth varies with the tidal cycle, freshwater input, and release of
impounded water from the Bonneville Dam, approximately 39 kilometers (24 miles)
upstream of the site. RMC has a permitted National Pollutant Discharge Elimination System
(NPDES) outfall in the Columbia River, just downstream of its confluence with the Sandy
River. The NPDES permit allows a mixing zone consisting of a circle with a 164-foot radius
from the point of discharge. Upstream of the outfall and mixing zone, there is a beach on the
Columbia River along the northern part of the property that is used occasionally for
recreation.

Refractory brick (heat-resistant flue brick used in the baking furnaces) has been used as
bank stabilization in two areas along the river shorelines (see Figure 1-1). On the western
shore of the Sandy River, a section approximately 300 feet long is covered with refractory
brick. A section of the Columbia River shoreline, approximately 100 feet long and centered
at the RMC outfall, is also stabilized by refractory brick. The brick extends from beneath the
water line to the top of the steep embankment.

Gresham Sand and Gravel (GS&G) operates a sand dredging operation in the Columbia
River. GS&G dredges 30 feet offshore, just downstream of the mouth of the Sandy River and
just upstream of the outfall from Company Lake. Sand is vacuum dredged and transported,
in a slurry form, through a pipe to GS&G property immediately west of the outfall ditch and
Company Lake.

PDX17C98.DOC 2-1 - 107493.06.02.01
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In the fall of 1996, a fisheries and habitat characterization survey was performed on all the
major surface water areas in and around the RMC facility (CH2M HILL, March 31,1997b).
The results of the characterization indicate that the most important fisheries resources on or
near the site are in the Columbia and Sandy Rivers. The Columbia and Sandy Rivers
support numerous anadromous salmon and trout, as well as resident fish species. Many
Columbia and Sandy River fisheries are a significant economic and recreational commodity.
In addition, ten species of special-status fish may occur in or migrate by the RMC area.
"Special-status fish" includes those considered by federal agencies to be endangered,
threatened, candidates for listing, or species of concern; as well as fish that are considered
by the states of Oregon or Washington to be sensitive or threatened.

The habitat of the Columbia River in the vicinity of the RMC facility is primarily shallow-
water, near-shore rearing areas and deeper, offshore areas used for fish rearing and passage.
There is occasional submergent and emergent aquatic vegetation in areas within 5 meters of
the bank. No salmonid spawning habitat is present in the vicinity of, or downstream of, the
RMC facility. Because of the sedimentation characteristics of this confluence of the two large
rivers, substrate consists of primarily sand, silt, and clay that are not suitable for spawning,
especially in near-shore shallow water.

The Sandy River habitat survey was conducted slightly upstream of the confluence with the
Columbia River and extended up the Sandy River approximately 1.8 miles to the upstream
RMC property boundary. Three distinct sections of the river were identified during this
survey: lower section, characterized by a shallow, wide channel; middle section,
characterized by a narrow, deep, fast-flowing channel; and upper section, characterized by a
widening and shallower channel. Low-flow conditions (estimated at 175 to 200 cubic feet
per second) existed during the survey. The dominant habitats in all three survey sections
were rearing and passage habitats. No salmon spawning habitat was present within the
portion of the river from the confluence with the Columbia River upstream to the RMC
southern property boundary. The substrate consists mainly of sand in the lower section with
some gravel and cobble in the middle and upper sections.

The reaches of the Columbia and Sandy Rivers adjacent to the RMC facility are areas of high
disturbance and are not expected to have significant abundance or diversity of benthic
(bottom-dwelling) invertebrates. These disturbances are both natural and manmade: the
Sandy River has a dynamic delta of shifting sandbars, and intentional dredging of this
deposited sand is conducted in the Columbia River, just downstream of the Sandy River
mouth. No benthic invertebrates were noted during sediment sampling.

Groundwater flow at the RMC site is generally from the southeast to the north-northwest in
the sand units. Localized variations in flow direction have been observed, seasonally, as a
result of short-term stage increases in the Columbia River and increased rates of
precipitation. The Columbia and Sandy Rivers represent local and regional groundwater
discharge zones.

2.1.2 Summary of investigations
Section 6 of the CSS provides an overview of investigations conducted in the Columbia and
Sandy Rivers before 1996. A brief summary of the investigations, including more recent
investigations, is provided below. The investigations of surface water, sediment, and

PDX17C98.DOC . 2-2 - 107493,06.02.01
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riparian soil are presented separately for each river, followed by a discussion of
groundwater adjacent to the rivers.

2.1.2.1 Columbia River
Surface water and sediment of the Columbia River were sampled in August 1994 as part of
the Removal Site Assessment Report (CH2M HILL, January 1995). Samples were collected
upstream of the RMC site and adjacent to the RMC outfall. All samples were analyzed for
cyanide, fluoride, metals, polynuclear aromatic hydrocarbons (PAHs), polychlorinated
biphenyls (PCBs), and petroleum hydrocarbons. In addition, sediments were analyzed for
total organic carbon (TOG), and surface water was analyzed for hardness.

CH2M HILL sampled soil in the refractory brick area near the RMC outfall to the Columbia
River in February 1996 (CH2M HILL, August 14,1996). Carbonaceous material within the
matrix of sand and brick was sampled along a riparian cut bank of the Columbia River.
Samples were analyzed for cyanide, fluoride, and PAHs.

Sediment and riparian soil samples were collected in the Columbia River in September 1996
as part of a supplemental data-gathering effort in both the Columbia and Sandy Rivers
(CH2M HILL, January 6,1997). Three sediment samples were collected upstream and
adjacent to the Company Lake permitted outfall and analyzed for TOC, cyanide, fluoride,
total metals, semivolatile organic compounds (SVOCs), and PCBs. Two riparian soil samples
were collected along the Columbia River. One sample was collected from within the
refractory brick area near the Company Lake outfall at the brick toe-of-slope, and one
sample was collected outside the brick area for comparison. Both riparian soil samples were
analyzed for TOC, cyanide, fluoride, metals, SVOCs, and PCBs.

A summary of the sampling activities and results from each activity for the Columbia River
is provided in Table 2-1. The concentration ranges for selected constituents in Columbia
River surface water, sediment, and riparian soil measured during these three investigations
are provided in Table 2-2. All data collected for these matrixes are provided in Appendix A,
including comparisons with background concentrations. Appendix A also contains a map
showing the sampling locations.

2.1.2.2 Sandy River
Surface water and sediment of the Sandy River were sampled during the east potliner
supplementary sampling program. Data-gathering activities included three sets of surface
water and sediment samples in the Sandy River, collected in February 1995 (CH2M HILL,
June 15,1995). The purpose of sampling was to determine potential migration of
constituents offsite. Samples were analyzed for fluoride, cyanide, and PAHs. In addition,
other SVOCs were analyzed in sediment.

Additional sediment, surface water, and riparian soil samples were collected in the Sandy
River in September 1996 as part of a supplemental data-gathering effort in both the
Columbia and Sandy Rivers (CH2M HILL, January 6,1997). Two surface water samples
were collected along the west bank of the Sandy River, adjacent to refractory brick areas. An

PDX17C98.DOC 2-3 - 107493.06.02.01



Table 2-1
Summary of Investigations for the Columbia River

Investigation Purpose Description Key Findings Reference
Removal site
assessment
(July 1994)

Evaluate nature and
extent

Two sediment samples and one
surface water sample were collected
adjacent to the RMC outfall. All
samples were collected within the
permitted mixing zone.

Sediments: No cyanide (CN),
polychlorinated biphenyls (PCBs), or total
petroleum hydrocarbons (TPH) were
detected. Metals and polynuclear aromatic
hydrocarbons (PAHs) within range of
background, except sodium slightly higher.
Fluoride (F) detected in one sample.
Surface water: No F, CN, PAHs, or PCBs
detected. Metals within range of
background, except aluminum higher at
outfall (within permitted mixing zone).

Removal Site Assessment
Report (CH2M HILL, January
1995)

Soil sampling at
RMC outfall
(December 1995)

Investigate
carbonaceous
material in interstitial
brick

One riparian soil sample collected
within refractory brick at the RMC
outfall to the Columbia River.

One PAH compound and F detected. CN
not detected.

Memorandum WP No. 29:
Columbia and Sandy Rivers:
Supplemental Data-Gathering
H/or/cP/an(CH2MHILL,
August 14,1996)

Columbia and
Sandy Rivers
supplemental data
collection
(Fall 1996)

Evaluate effect of
brick along shoreline

Three sediment samples were
collected: One sample adjacent to
the refractory brick area, within the
permitted mixing zone, and two
samples were upstream of the brick
area, upstream of the mixing zone.
Two riparian soil samples were
collected: One sample within
refractory brick area and one sample
outside of the brick area.

Sediments: No CN, PCBs, PAHs, or other
SVOCs were detected. Metals within range
of background, except sodium slightly
higher. F (using shake-out method) was not
detected in samples outside of the mixing
zone; F was detected within the mixing
zone at concentrations similar to 1994
investigation.
Riparian soil: No CN, PAHs, SVOCs, or
PCBs were detected. The sample within
the brick area was slightly higher in fluoride
than samples outside of the brick area.
Metals were within the range of
background. ___ ____

Technical Memorandum DS
No. 13: Columbia and Sandy
Rivers Supplemental Data
Summary (CH2M HILL,
January 6,1997)
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Table 2-2
Summary of Surface Water, Sediment, and Riparian Soil Data in the Columbia River, Adjacent to the RMC Site

Analyte
Inorganic Compounds

Cyanide, Total
Fluoride (340.1/.2)
Fluoride (340.2M)

Total Metals
Aluminum
Arsenic
Barium
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Vanadium
Zinc

PAHs
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fiuoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

PCBs
Total PCBs

Conventional Compounds
TOG

Surface
Water
(mg/L)

0.01 U

0.5 U

0.74
0.004 U

0.02 U
0.02 U
0.48

0.004 U
4.6

0.02 U
0.05 U
0.02 U
0.05 U

0.005 U
0.005 U
0.005 U

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.005 U

0.0001 U
0.005 U
0.005 U

0.0005 U

ND

Sediment" (mg/kg)

Minimum

0.1 U
170
2.5 U

3430
0,5 U

19.2
7.55

6810
5U

1070
82.1
5.51
24.9
16.6

0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U

0.33 UJ
0.0067 U
0.0067 U

0.33 UJ
0.0067 U

0.33 UJ
0.0067 U
0.0067 U
0.0067 U
0.0067 U

0.019

ND

1950

Maximum

1 U
240

13

6800
2.5
66
12

14000
5U

2500
170

14
35.2

59

2.9 UFS
0.33 UJ
0.33 UJ

0.013
0.021
0.048
0.022

0.33 UJ
0.033

0.33 UJ
0.023

0.33 UJ
0.017

0.33 UJ
0.017
0.023

ND

8900

No. of
Samples

5
3
5

5
5
5
5
5
5
5
5
5
5
5

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

2

5

Riparian Soil0 (mg/kg)

Minimum

1 U
210
2.5 U

9500
1.2

49.4
17.2

13400
5U

2620
166

11.2
41.6
32.2

0.3 U
0.3 U
0.3 U
0.3 U
0.3 U

0.33 UJ
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U

ND

5740

Maximum

1 U
340

4

11100
1.7

51.4
17.8

16600
5.8

2780
235

14.3
48.2
34.2

2.5 UR
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.4

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

ND

5920

No. of
Samples

3
3
2

2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

2

2
'Source: CH2M HILL, January 1995. Data represent one surface water sample located within the NPDES mixing zone.
'Sources: CH2M HILL, January 1995, and CHaM HILL, January 6, 1997.
Sources: CH2M HILL, January 1995, and CH2M HILL, August 14, 1996.

J = Estimated value.
R = Result is rejected due to gross QA/QC outliers, presence or absence of material cannot be certain.
U = Undetected.
ND = All aroclors were not detected.
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additional surface water sample was collected along the east bank. Surface water samples
were analyzed for cyanide, fluoride, hardness, total and dissolved metals, SVOCs (including
PAHs), and PCBs.

To evaluate the potential contribution from refractory brick located along the shoreline, four
riparian soil samples were collected along the Sandy River. Three samples were collected
within the main refractory brick area, and one sample was collected upstream of the brick
area. Six sediment samples were collected along the west bank of the Sandy River, adjacent
to the RMC site. Three of these samples were collected adjacent to riparian soil samples in
the refractory brick. One sediment sample was collected upstream (adjacent to the upstream
riparian soil sample), and two samples downstream of the brick area. The riparian soil and
sediment samples were analyzed for TOG, cyanide, fluoride, metals, SVOCs (including
PAHs), and PCBs.

A summary of the sampling activities and results from each activity for the Sandy River is
provided in Table 2-3. The concentration ranges for selected constituents in Sandy River
surface water, sediment, and riparian soil are provided in Table 2-4, All data collected for
these matrixes are provided in Appendix B, including a comparison with background
concentrations. Appendix B also contains a map showing the sampling locations.

2.1.2.3 Groundwater Adjacent to the Rivers
The Columbia and Sandy Rivers are local and regional groundwater discharge zones. The
RMC groundwater program is investigating onsite constituent distribution and the potential
for migration of constituents offsite. Groundwater program investigations that involve
discharge to the rivers include:

• Groundwater/surface water interactions at the river boundaries

• A focused Geoprobe investigation to evaluate the distribution of fluoride in
groundwater adjacent to the rivers

• Groundwater quality data collected at wells upgradient of the rivers

These investigations are summarized below.

Groundwater/Surf ace Water Interactions. Water elevation data collected manually, on a
monthly basis, at the site from 1994 through 1997 indicate that groundwater flow beneath
the site is generally north to northwest toward the Columbia River. Exceptions to this flow
pattern are during river flooding conditions. Other exceptions to the northerly flow pattern
are areas close to the Sandy River and in shallow groundwater within the silt unit located in
the southern portion of the facility. May 1997 water level monitoring data showed gradient
reversals across the site due to the high river stage conditions that occurred that spring. In
areas near the Sandy River, shallow groundwater discharges to the Sandy River, but deep
groundwater is generally moving toward the Columbia River. Groundwater movement in
the silt unit in the southern portion of the facility has a strong westerly component across
the site but ultimately discharges to the Columbia. As expected, the groundwater elevation
monitoring data indicate that the Columbia and Sandy Rivers are the ultimate discharge
areas for groundwater beneath the site. The area along the rivers that receives groundwater
originating from beneath the RMC site extends from the eastern edge of the property
adjacent to the Sandy River westward to Sundial Marine on the Columbia River.

PDX17C98J30C 2-6 - 107493.06,02,01



Table 2-3
Summary of Investigations for the Sandy River

Investigation Purpose Description Key Findings Reference
Supplemental Data
Gathering in East Potliner
Area
(February 1995)

Investigate potential
migration from east
potliner area to Sandy
River

Three sets of surface water and
sediment samples were collected.

No CN or PAHs detected in surface
water or sediments. No F detected in
surface water. F and benzoic acid
detected in sediments.

Technical Memorandum
DS No. 3: East Potliner
Area: Supplemental Data-
Gathering Report (CH2M
HILL, June 15,1995)

Columbia and Sandy
Rivers Supplemental
Data Collection
(FalM 996)

Evaluate nature and
extent; evaluate effect
of brick along shoreline;
evaluate groundwater
discharge influence on
surface water

Three surface water samples were
collected: one along the east bank
(upstream sample) and two along
the west bank adjacent to refractory
brick. Six sediment samples were
collected adjacent to, upstream,
and downstream of the refractory
brick area. Four riparian soil
samples were collected: three
within and one upstream of the
refractory brick.

Surface water: F, PAHs, and PCBs not
detected. CN detected in the upstream
sample. Most dissolved metals not
detected. One sample collected in
backwater believed to be representative
of groundwater discharge; showed
higher cations.
Sediment: PAHs and PCBs not
detected. CN detected in one sample
near detection limit. F detected in
similar concentrations upstream,
adjacent to, and downstream of brick
area. Metal concentrations similar to
Columbia River background.
Riparian soils: CN, PAHs, and PCBs
not detected. Fluoride slightly elevated
in brick area compared to upstream
sample. Metals similar to background
concentrations.

Technical Memorandum
DS No. 13: Columbia and
Sandy Rivers:
Supplemental Data
Summary (CH2M HILL,
Januarys, 1997)
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Summary of Surface Water, Sediment,

1 ———
|| Analyte
Inorganic Compounds

Cyanide, Total
Fluorude (340.1/.2)
Huoride (340.2M)
Fluoride (300.0)

Metals
Aluminum
Arsenic
Barium
Copper
Iron
Lead

I Magnesium
Manganese
Nickel
Vanadium
Zinc

PAHs
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene

| Benzo(b)fluoranthene
•k Benzo(g,h,i)perylene
V Benzo(k)fluoranthene
IT Chrysene

Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

PCBs
Total PCBs

Conventional Compounds
TOC

Table 2-4
and Riparian Soil Data in the Sandy River, Adjacent to the RMC Site

Surface Water* (mg/L)

Minimum

0.01 U

0.5U
0.25U

Dissolved
0.05 U

0.004 U
0.02 U

0.002 U
0.107
0.001 U
2.29
0.02 U
0.04 U
0.02 U
0.05 U

Total
0.17

0.004 U
0.02 U

0.002 U
0.225
0.001
2.31
0.02 U
0.04 U
0.02 U
0.05 U

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

ND

Maximum

0.09

0.5U
0.25U

Dissolved
0.05 U

0.004 U
0.02 U

0.002 U
3.29

0.001 U
11.1
1.91
0.04 U
0.02 U
0.05 U

Total
0.578
0.004 U
0.02 U

0.002 U
6.12

0.0018
11

1.78
0.04 U
0.02 U
0.05 U

0.001 U
0.003U
0.0002U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0002U
0.0005U
0.0005U
0.0002U
0.001 U
0.0002U
0.0002U

ND

No. of
Samples

6

3
3

3,3
3,3
3,3
3,3
3,3
3,3
3,3
3,3
3,3
3,3
3,3

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

3

Sediment' (mg/kg)

Minimum

0.1 U
130 U
2.5 U

Total
8340

1.7
53.2
16.7

13200
6.5

2670
186
10.9
34.6
39.3

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

ND

11800

Maximum

,1.1
330

3

Total
16000

3
98.2
25.5

22100
10

3840
301

17
53.4

61

0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U

ND

24300

No. of
Samples

9
9
6

6
6
6
6
6
6
6
6
6
6
6

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

6

6

Riparian Soilb (mg/kg)

Minimum

1 U
220
2.5 U

Total
9710

1.1
36.8
16.5

13400
5.4

2130
147
11.7
44.3
32.8

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

ND

5120

Maximum

1 U
350

11

Total
14500

1.9
66.1
24.2

19200
8.1

3390
276
17.1
52.5
47.1

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

1 0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

ND

30200

No. of
Samples

4
4
4

4
4
4
4
4
4
4
4
4
4
4

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

4

4
^Sources: CH2M HILL, June 15,1995, and CH2M HILL, January 6,1997.
["Source: CH2M HILL, January 6,1997.

J= Estimated value.
||U = Undetected.
NO = All aroclors were not detected.
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A focused water level monitoring program was conducted in 1997 to assess the influences of
the Columbia and Sandy Rivers on groundwater beneath the site. This monitoring program
collected water level data using dataloggers and pressure transducers from selected wells
and the Columbia River during October and November 1997. Data were collected from well
groups along a north south transect and from well groups along an east-west transect. The
monitoring locations chosen included shallow (screened either in the silt or underlying gray
sand), intermediate, and deep monitoring wells to allow vertical hydraulic gradients to be
assessed. The results of this monitoring program are documented in a technical
memorandum contained in Appendix C.

Geoprobe Investigation. Section 2.0 of Memorandum WP No. 36: Proposed 1997 Groundivater
Work Plan (CH2M HILL, June 5,1997) provides an overview of the Geoprobe investigation
conducted along the Columbia and Sandy Rivers from August 11 to October 10,1997. The
main focus of the investigation was to monitor fluoride concentrations in groundwater that
may be discharging into the rivers.

Geoprobe borings (GP01 through GP20, GP35, and GP36) were used to collect subsurface
data at 22 locations along the rivers (Figure 2-1). A detailed discussion of the Geoprobe
investigation findings is provided in Technical Memorandum No. GW-12: August 1997
Quarterly Groundwater Monitoring Results (CH2M HILL, December 18,1997). On the basis of
these results, three monitoring wells (MW51-069, MW52-045, and MW53-034) were installed
along the rivers to monitor future fluoride concentrations at these locations.

Groundwater Quality Data. Groundwater quality at 22 monitoring wells upgradient of the
Columbia and Sandy Rivers has been monitored as part of RMC's groundwater monitoring
program. The Columbia River monitoring network currently consists of 18 wells (10
shallow, 5 intermediate, and 3 deep) located north of the U.S. Army Corps of Engineers
(COE) flood control dike (shown on Figure 2-1). The monitoring wells that provide
groundwater information that is most representative of conditions near the Sandy River
include one well (MW53-034) located just south of the East Lake outlet, and three wells
(MW10-023, MW10-090, MW10-165) located immediately south of the dike (Figure 2-1).
These wells provide additional data for constituents not monitored during the Geoprobe
investigation (that is, non-fluoride constituents).

The number of times each well has been sampled, and which analyses were performed,
varies depending on the well installation date. However, all 22 wells (except recently
installed MW51-069 and MW52-045) have been sampled at least once for cyanide, fluoride,
total metals, PAHs, VOCs, and general chemistry. Wells MW51-069 and MW52-045 have
been sampled once for fluoride. Detailed discussions of RMC-Troutdale quarterly ground-
water monitoring results from July 1994 through November 1997 can be found in the
following reports:

• Annual Groundwater Monitoring Report: August 1994-August 1995 (CH2M HILL, February
1996)

• Technical Memorandum No. GW-7; Semiannual Groundwater Monitoring Report, December
1995 and February 1996 (CH2M HILL, August 20,1996)

• Technical Memorandum No. GW-8: Semiannual Groundwater Monitoring Report, May and
August 1996 (CH2M HILL, December 9,1996)

PDX17C98.DOC 2-9 - 107493.06.02.01
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• Technical Memorandum No. GW-9: November 1996 Quarterly Groundwater Monitoring
Results (CH2M HILL, January 27,1997)

• Technical Memorandum No. GW-10: February 1997 Quarterly Groundwater Monitoring
Results (CH2M HILL, June 1,1997)

• Technical Memorandum No. GW-11: May 1997 Quarterly Groundwater Monitoring Results
(CH2M HILL, July 31,1997)

• Technical Memorandum No. GW-12: August 1997 Quarterly Groundwater Monitoring Results
(CH2M HILL, December 18,1997)

• Technical Memorandum No. GW-13: November 1997 Quarterly Groundwater Monitoring
Results (CH2M HILL, February 13,1998)

In addition to RMC's quarterly groundwater monitoring program, three temporary shallow
groundwater well points were installed in February 1995, between the COE dike and the
Sandy River, to assess potential migration of constituents offsite (see Technical Memorandum
DS No. 3: East Potliner Area: Supplemental Data-Gathering Report, CH2M HILL, June 15,1995,
for details). Groundwater samples were analyzed for cyanide, fluoride, and PAHs. The
results are presented in Table SR-2 of the Draft Current Situation Summary (CH2M HILL,
April 5,1996). No cyanide, fluoride, or PAHs were detected. These well points have since
been abandoned.

2.1.3 Calculation of In-stream Concentrations
Based on the May 22,1997, meeting with EPA and other resource trustees [Oregon
Department of Environmental Quality (DEQ), U.S. Fish and Wildlife], a primary ecological
assessment endpoint selected for the rivers is survival and health of fingerling stages of
anadromous and resident fish. To assess the potential exposure concentrations in the rivers,
calculations were conducted to estimate the amount of mixing that occurs in each river and
resulting fluoride concentrations under mixed conditions. The objective of the calculations is
to conservatively estimate the feasible in-stream concentrations in the two rivers so that
human health or ecological risk could be evaluated.

The magnitude of mixing between groundwater and surface water is calculated as a mixing
factor that is a ratio of the sum of groundwater and surface water flows divided by the
groundwater flow. This mixing factor is then used with the groundwater fluoride
concentrations, measured at the temporary Geoprobes locations along to rivers, to estimate
the potential in-stream exposure concentration of fluoride. The calculations discussed in this
addendum are based on the average vertical fluoride concentrations in groundwater,
measured in the upper 60 feet of the Geoprobes along each river (7 Geoprobes along the
Columbia River and 10 Geoprobes along the Sandy River). The upper 60 feet represents the
interval where fluoride is detected in groundwater. The average was calculated, using one-
half the detection limit of 0.25 milligram per liter (mg/L) for the nondetect values.

In-stream concentrations were estimated assuming a range of river flow conditions and a
range of assumed stream sections available for mixing. This set of conditions provided a
range of plausible conditions of aquatic exposures. To provide a range of river flow
conditions, these calculations were performed for three separate river flow rates as follows:

PDX17C98.00C 2-11 - 107493.05.02,01
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• The 7Q10 flow (7-day sustained low flow expected to occur once every 10 years)

• The minimum monthly low flow

• The mean annual flow

In addition, these calculations were performed for three separate assumed percentages of
total river flow available for mixing. The selected percentages for each river were based on
the minimum estimated cross-sectional river bed area for groundwater discharge, the
maximum estimated area for groundwater discharge, and an intermediate area.

The calculation results should be considered conservative because they are based on:

• The seasonally highest observed hydraulic gradients in the upper gray sand

• The highest upper gray sand hydraulic conductivity values measured north of the COE
dike

• River flow gauges far upstream of the RMC site, where the flows are smaller because
they do not include tributary flows between the gauges and the RMC site.

The calculations and assumptions used to develop the mixing factors and to calculate the in-
stream fluoride concentrations are provided in detail in Appendix D. In addition to fluoride,
these mixing factors are used to estimate in-stream concentrations of non-fluoride
constituents by dividing the groundwater concentrations by the mixing factor. These
calculated in-stream concentrations are presented in Sections 3.1.1.3 and 3.2.1.3 as part of the
risk evaluation.

2.1.4 Conceptual Models for the Columbia and Sandy Rivers
This section presents the conceptual models for the Columbia and Sandy Rivers. It includes
an assessment of the future and current land uses, constituent sources and distribution,
constituent transport and fate, and potential exposure pathways.

2.1.4.1 Columbia River
Current and Future Use
The Columbia River has multiple uses. Human uses include hydroelectric power, water
supply, commercial navigation, fishing, and recreation. The river is also used by its resident
fish as foraging and nursery habitat for juvenile salmonids, and as a corridor for migrating
salmonid adults and other species.

Constituent Distribution
There are four constituent migration pathways from the RMC site to the Columbia River.

1. The Columbia River receives discharge from the Company Lake outfall ditch, which
contains flow from RMC's NPDES-permitted industrial, sanitary, and stormwater
discharges, and seasonal flows from groundwater. In addition, it is possible that
sediment in Company Lake may be transported to the Columbia River under extreme
flood conditions. Pathways associated with NPDES permitted discharges are addressed
as part of the wastewater discharge areas evaluation and are not addressed in this
addendum.

POX17C98.DOC 2-12 - 107493.06.02,01
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2. The Columbia River receives discharge from Salmon Creek, downstream of the
Company Lake outfall. Salmon Creek receives water from a variety of sources, including
urban, agricultural, and industrial stormwater, groundwater, and runoff from RMC's
south wetlands. Salmon Creek terminates at the Sandy Drainage District equalization
pond just west of Fairview Farms, and is pumped north into the Columbia River. This
pathway is addressed as part of the Salmon Creek evaluation (Section 2.2).

3. Refractory brick, located at the Company Lake outfall to the Columbia River, may
contribute constituents through leaching, scouring, or erosion.

4. The Columbia River is a local and regional groundwater discharge area and receives
both shallow and deep groundwater from the RMC site and surrounding areas.

In sediments, the potential constituents that could migrate from RMC property include
fluoride, cyanide, metals, and possibly low-molecular-weight PAHs. Company Lake and the
equalization pond in Salmon Creek provide a mechanism for trapping sediments, and the
transport of sediments from these water bodies into the Columbia River is minimal. Because
of this, the discharge of sediment to the Columbia River represents a less feasible migration
mechanism compared with migration via surface water. Sediment transport from Company
Lake during flood events is expected to be low because modeling estimations of flood
velocities are predicted to be less than 1 foot per second, even during a 500-year event.

Refractory brick has been used as bank stabilization along the shoreline of the Columbia
River in an area approximately 100 feet long, in the vicinity of the RMC outfall. There is a
potential for pieces of refractory brick to erode into the Columbia River by scouring or
weathering. RMC has conducted testing on "dirty" brick, which are bricks removed directly
from the bakehouse (CH2M HILL, March 26,1997). Standard soil analytical methods were
used on samples of pulverized dirty brick to provide an indication of constituent
contributions of weathered brick. Results indicate that the brick particulates could
contribute low levels of metals and PAHs, although the contribution of weathered brick is
expected to be less. The analytical results for interstitial brick soil and sediment adjacent to
the brick was similar to background levels, confirming that the bricks are a minor pathway.

In surface water, the potential constituents that could migrate from RMC property are
primarily fluoride, metals, and the more soluble PAHs. Toxicity characteristic leaching
procedure (TCLP) leach tests of dirty brick suggest that low levels of metals may leach from
refractory brick. However, this is expected to be a minor pathway because the TCLP method
results overestimate constituent contribution from existing shoreline brick because it uses a
strong acid solution and the method was used on brick taken directly from the bakehouse
rather than weathered brick. Fluoride and aluminum were detected in at least one surface
water sample in Salmon Creek, which discharges to the Columbia River. This pathway is
addressed as part of the Salmon Creek evaluation (see Section 2.2).

Groundwater elevation fluctuations in the more permeable portions of the aquifer (deeper
sands and gravels) occur primarily in response to Columbia River stage changes. Near the
RMC site, river stage changes result from ocean tides and Bonneville Dam releases for
power production and or flood control. Generally, these influences do not affect the
northerly groundwater flow direction towards the river. The exception is near the river,
primarily in the deep sands, where horizontal gradient reversals occur due to river stage
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influences. The groundwater elevation fluctuations are generally greater in magnitude near
the river. Little response to river stage fluctuations has been observed within the lower
permeability surficial silt and sandy silt unit, which overlies the sand and gravel.

The area along the rivers where fluoride concentrations in groundwater are greater than
4 mg/L is limited in extent and is found only in the shallow upper gray sand (UGS) and
intermediate-depth sand units. Fluoride is likely discharging at concentrations above 4
mg/L, from the UGS into the Columbia River near the Company Lake outfall (Figure 2-2).
Fluoride is likely discharging into the rivers at concentrations near 4 mg/L from a smaller
area of the intermediate sand near GP03 (Figure 2-3).

If migration of other constituents occurs, then metals and low levels of toluene could
discharge to the Columbia River, based on data from the monitoring wells north of the COE
dike. The higher concentrations of metals are limited to a few shallow and intermediate
wells, at MW08-027, MW08-127, MW27-081, and MW21-012. Toluene has only been detected
in one well, at MW08-127. Sitewide monitoring has detected toluene upgradient of the RMC
facility, suggesting that RMC operations are not likely the source.

The mixing calculations for the Columbia River estimate that even under the most
conservative river flow conditions (7Q10), the mixing factor ranges between about 34,000
and 84,000 (see Appendix D). The mixing factors increase for higher river flow rates and
higher percentages of the river flow that are available for mixing.

Using measured groundwater data adjacent to the Columbia River, the increase in the in-
stream fluoride concentrations is predicted to be extremely low (maximum concentration of
0.00005 mg/L). Based on predicted concentrations, it is not expected that this increase in
fluoride would be detected because these concentrations are below standard analytical
detection limits (typically 0.1 to 0.5 mg/L).

2.1.4.2 Sandy River
Current and Future Use
The Sandy River is used for water supply (upstream of the RMC site), fishing, and
recreation. It is also used by resident fish, as foraging and nursery habitat for juvenile
salmonids, and as a corridor for migrating salmonid adults and other species.

Constituent Distribution
There are two potential constituent migration pathways from the RMC site to the Sandy
River:

• Refractory brick, located along approximately 300 feet of the western shore of the Sandy
River, may contribute constituents through leaching, scouring, or erosion.

• The Sandy River is a groundwater discharge area and receives both shallow and
intermediate groundwater from the RMC site and surrounding areas.

In surface water, the potential constituents that could migrate from RMC property are
primarily fluoride, metals, and the more soluble PAHs. As discussed in Section 2.1.4.1,
TCLP leach tests of fresh "dirty" brick suggest that low-level metals may leach from
refractory brick, although this is expected to be a minor pathway because the TCLP method
likely overestimates the potential contribution from brick.
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In sediments, the potential constituents that could migrate from RMC property include
fluoride, metals, and PAHs. As discussed in Section 2.1.4.1, analysis of pulverized refractory
brick using soil analytical methods suggests that weathered, eroded brick may contribute
low levels of metals and PAHs. There is also a potential for sediments to contribute soluble
constituents such as fluoride and metals from groundwater.

The shallow groundwater in the vicinity of the Sandy River discharges to the Sandy. Near
the RMC site, the surface water levels in the Sandy River are generally controlled by, and
are similar to, the Columbia River. Because both rivers generally respond similarly, the
shallow groundwater near the Sandy River exhibits similar hydraulic responses to tidal and
stage changes as observed in shallow monitoring wells near the Columbia River. However,
because the Sandy River channel is much shallower than the Columbia River channel, there
is less hydraulic connection between deeper groundwater and Sandy River surface water.
Therefore, the deeper groundwater near the Sandy is likely responding primarily to
Columbia River influences and is probably not discharging to the Sandy but moving north
and northwest to the Columbia River.

Fluoride concentrations in groundwater near the Sandy River exceed 4 mg/L in the shallow
UGS but not in the intermediate-depth sand units (Figures 2-2 and 2-3). Fluoride is likely
discharging at concentrations above 4 mg/L from the UGS into the Sandy River in a
localized area near the old East Lake channel. The fluoride detected in groundwater near
East Lake may be the result of a local source or fluoride migration from a source to the west.
There is evidence from historical aerial photographs of an old Sandy River channel trending
east-west through this area. This old channel may act as a preferential pathway for
groundwater movement. The interpretation of horizontal fluoride distribution presented on
Figure 2-2 assumes that a connection exists between the fluoride detected at GP11 and the
fluoride present to the west near Company Lake. For other constituents, there is a potential
for metals to be discharging to the Sandy River, based on data from the monitoring wells
MW53-034, MW10-023, and MW10-090. (Only fluoride was analyzed at the Geoprobes.)

The mixing calculations for the Sandy River estimate that, under the most conservative flow
conditions (7Q10), the mixing factor ranges from about 90 to 450. The mixing factors
increase for higher river flow rates and higher percentages of the river flow that are
available for mixing.

Using measured groundwater data adjacent to the Sandy River, the predicted increase in the
in-stream fluoride concentrations is predicted to be low (maximum concentration of 0.006
mg/L). On the basis of predicted concentrations, it is not expected that fluoride will be
detected because these concentrations are below standard analytical detection limits (0.1 to
0.5 mg/L). In-stream measurements adjacent to the site confirm these calculated predictions;
fluoride has not been detected in the Sandy River.

2.2 Salmon Creek
The physical setting, summary of investigations, and conceptual model for Salmon Creek
are described below.
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2.2,1 Physical Setting
Salmon Creek flows along a section of the southwest border of the RMC property
(Figure 2-4) and is pumped into the Columbia River from an equalization pond west of
Fairview Farms. The equalization pond traps sediments from Salmon Creek, preventing
their migration to the Columbia River.

Salmon Creek serves as stormwater conveyance for parts of the City of Troutdale, the City
of Wood Village, and the City of Fairview. The Blue Lake watershed also drains into Salmon
Creek through a control pipe near the equalization pump. Salmon Creek water quality may
be affected by urban, industrial, and Troutdale Airport stormwater, groundwater, and past
and current discharges from RMC. Potential sources to Salmon Creek discharge both
upstream and downstream of the RMC facility, in addition to the discharge from the RMC
facility.

Wastewater from the RMC facility was treated for solids removal in south wetlands, and
overflow from south wetlands was discharged to Salmon Creek from 1941 to 1947. There
was no wastewater discharge from south wetlands to Salmon Creek after 1947; all south
wetlands wastewater overflow was redirected to Company Lake at that time. South
wetlands stopped being used as a settling pond in 1965. Salmon Creek was rerouted
between 1966 and 1968, and stormwater runoff from south wetlands was routed into
Salmon Creek via the West Drainage.

West Drainage flows into Salmon Creek only during wet weather conditions. There are no
stream gauges in Salmon Creek or adequate pumping records at the pump station to
quantify typical creek flows during these conditions. A hydraulic analysis of Salmon Creek
was conducted as part of the North Troutdale Storm Drainage Master Plan (David J. Newton
Associates, March 1990), which predicted peak flows during storm events, using the Corps
of Engineers' HEC-1 model. Estimated peak storm flows range from 248 cubic feet per
second (cfs) for the 2-year storm to 656 cfs for the 100-year storm. Flow in Salmon Creek
near West Drainage is predicted to be approximately 45 percent of the total creek flow
discharged to the Columbia River. Peak flows in West Drainage during winter 1995-96 were
below 2 cfs, except during the February 1996 flood, when the weir was inundated and flow
could not be measured (CH2M HILL, February 12,1997). The maximum flow that was
measured during this flood event was 4 cfs.

Because its primary function is for stormwater conveyance, Salmon Creek is occasionally
dredged by the local drainage district to maintain capacity. The section of Salmon Creek
from Arata Creek to Marine Drive is dredged approximately every two years; this section
was last dredged in October 1997. Dredge spoils are side-cast on both sides of the creek. The
equalization pond was dredged approximately 10 years ago. The creek has been culverted
in many areas, most notably under the Troutdale Airport and Interstate 84.

A Salmon Creek habitat survey, conducted from the confluence with Arata Creek upstream
to the Troutdale Airport, a distance of approximately 1.2 miles, indicated that there was
little meaningful fish habitat in Salmon Creek (CH2M HILL, March 31,1997b). In general,
Salmon Creek provides rearing habitat for resident species only. Because the creek is
dredged on a regular basis, benthic habitat is expected to be poor. There is no direct
connection to the Columbia River because of the pump station, which prevents fish in the
Columbia River from entering the creek. Salmon Creek is a low-gradient, low-flow channel

PDX17C98.DOC 2-18 - 107493.06.02,01



200 600 1OXI

COLUMBIA RIVER

Figaro 2-4
SALMON CREEK AND EAST
LAKE MOMTORMQ WSJ. AND
QEOPROBE LOCATION MAP
REYNOLDS METALS COMPANY
TROUTDALE. OREGON
Ml &X<m Wrf«- o»J r>»™rf Ann
*M«m«Mn to ttH MyiTS Woifc Pton



I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I

with silt, clay, and organic debris substrate (except near culverts where gravel was placed
during culvert installation). There are also areas of dense aquatic vegetative growth.

Salmon Creek is a gaining stream (groundwater flows into the creek) in the winter and
spring when groundwater is high. During summer and fall, the creek becomes a losing
stream and discharges to groundwater.

2.2.2 Summary of Investigations
The investigations for surface water and sediment, and the specific elements of the
groundwater program relevant to Salmon Creek, are summarized below.

2.2.2.1 Surface Water and Sediment
Surface water and sediment samples were collected from Salmon Creek during three field
investigations. Dredge spoils from Salmon Creek have been addressed as part of the
Fairview Farms evaluation in the Draft Soil and Debris Areas Addendum to the RI/FS Work Plan
(CH2M HILL, February 18,1997) and are not addressed in this SWSAA.

Surface water and sediment sampling was conducted in Salmon Creek in August 1994
(CH2M HILL, January 1995). One sediment sample was collected downstream of the West
Drainage confluence (just upstream of the railroad crossing). One surface water and two
sediment samples were collected farther downstream, west of Sundial Road. All samples
were analyzed for cyanide, fluoride, metals, PAHs, PCBs, and petroleum hydrocarbons. In
addition, sediments were analyzed for TOC and surface water was analyzed for hardness.

As part of a preliminary investigation of West Drainage, Salmon Creek samples were
collected in February 1995, both upstream and downstream of the confluence with the West
Drainage (CH2M HILL, May 10,1995). One set of surface water and sediment samples was
collected just upstream of the confluence with the West Drainage and a second set was
collected just downstream of the confluence with the West Drainage. All samples were
analyzed for fluoride, cyanide, PAHs, PCBs, total petroleum hydrocarbons (TPH), and
metals. TOC was measured in the sediment samples.

Salmon Creek surface water samples were collected during the rainy season as part of the,
Addendum to the West Drainage Stormwater Monitoring Plan(CH2M HILL, April 1996).
Sampling results are reported and discussed in Technical Memorandum DS No. 14: Data
Summary for the South Wetlands Addendum to the RI/FS Work Plan, Part 1—Soil, Surface Water,
and Groundwater Quality (CH2M HILL, February 12,1997). Surface water samples were
collected in Salmon Creek above and below the West Drainage confluence during two
different storm events. All four samples were analyzed for cyanide, fluoride, metals, PCBs,
PAHs, and TPH.

A summary of the investigations for Salmon Creek is provided in Table 2-5. The
concentration ranges for selected constituents in the Salmon Creek surface water and
sediment are provided in Table 2-6. All data collected for these matrixes are provided in
Appendix E, including a comparison with background concentrations. Appendix E also
contains a map showing the location of the surface water and sediment sampling locations.
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Table 2-5
Summary of Investigations for Salmon Creek

Investigation Purpose Description Key Findings Reference
Removal Site
Assessment
(August 1994)

Evaluate nature and
extent in Salmon
Creek

One surface water and three
sediment samples were
collected downstream of the
confluence with the West
Drainage.

Surface Water: No CN, F, PAHs, PCBs, or
TPHs were detected.
Sediment: Fluoride (shake-out method) was
not detected. CN and PCBs each detected
once in sediment. TPH and metals generally
within background ranges. PAHs detected in
all sediment samples.

Removal Site Assessment
Report (CH2M HILL,
January 1995)

West Drainage
Sampling Program
(February 1995)

Evaluate West
Drainage discharge
quality and quantity

One set of surface water and
sediment samples was collected
upstream and one set
downstream of the confluence
with the West Drainage.

Surface Water: No CN or PCBs detected in
surface water. F detected in surface water
sample downstream of the West Drainage.
Low-level PAHs and TPH were detected in
sample located upstream of the West
Drainage.
Sediment: CN was not detected. F (Total
method) was detected downstream. One
species of PCB was detected in the
upstream sample. PAHs were detected in
both the upstream and downstream
samples.

Technical Memorandum
DS No. 1: West Drainage
Area Sampling Program
Data Summary (CH2M
HILL, May 10, 1995)

West Drainage
Stormwater Monitoring
Program
(April 1996)

Evaluate nature and
extent in West
Drainage

One set of surface water
samples were collected in
Salmon Creek above and below
the West Drainage confluence
during two different storm
events (total of four samples).

F detected upstream and downstream of the
West Drainage confluence during one event.
No CN, PCBs, or TPHs detected. Low-level
PAHs detected both upstream and
downstream of the West Drainage
confluence. Dissolved metals greater
downstream during one storm event but not
during the second event.

Technical Memorandum
DS No, 14: Data Summary
for the South Wetlands
Addendum to the RI/FS
Work Plan, Part 1—Soil,
Surface Water, and
Groundwater Quality
(CH2M HILL, February 12,
1997).
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•h Table 2-6
Summary of Surface Water and Sediment Data in Salmon Creek

.
Analyte

Inorganic Compounds
Cyanide, Total
Fluoride (340.1/.2)
Fluortde (340.2M)

Metals
Aluminum
Arsenic
Barium
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Vanadium
Zinc

PAHs
Acenaphthene
Acenaphthylene

Jl Anthracene
1 Benzo(a)anthracene
1 Benzo{a)pyrene

Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

PCBs
Total PCBsc

Surface Water3 (mg/L)

Minimum

0.01 U
0.25U
0.5U

Dissolved
0.05 U

0.004 U

0.002 U
0.18

0.001 U

0.04 U
0.02 U
0.05 U

Total
0.14

0.004 U
0.02 U

0.006
0.4

0.002
5.8

0.02 U
0.04 U
0.02 U
0.05 U

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

ND
Conventional Compounds

TOG

Maximum

0.02U
0.66

1
Dissolved

0.232
0.004 U

0.0039
0.457
0.001 U

0.04 U
0.02 U
0.05 U

Total
5.35

0.004 U
0.02 U

0.0146
7.67

0.0093
6.2

0.068
0.05 U

0.024
0.0712

0.005U
0.005U
0.005U
0.0001 U
0.0001 U
0.00011
0.0001

0.0001 U
0.0001 U
0.0001 U
0.00011
0.0002

0.0002U
0.005U
0.005U
0.0002

ND

No. of
Samples

7
4
3

4,7
4,7
3

4,7
4,7
4,7
3
3

4,7
4,7
4,7

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

7

Sedimentb{mg/kg)

Minimum

0.042 U
150 U

5U
Total
1500

1 U
6.3
3.8

3700
2.5 U
170
24
4.1
12
10

0.0067 U
0.0067 U
0.0067 U

0.02
0.031
0.073
0.017
0.014
0.03

0.0067 U
0.02

0.0067 U
0.02

0.0067 U
0.0067 U

0.021

ND

1200

Maximum

2.2
380

5U
Total

17000
4

88
57

25000
32

2600
200
44
80

260

0.02
0.067 U
0.077
0.92
1.1
2.5

0.88
0.56

1
0.097

1.2
0.067 U
0.72

0.067 U
0.4
1.3

0.23

29000

No. of
Samples

5
2
3

5
5
5
5
5
5
5
5
5
5
5

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

5

5
Sources: CH2M HILL, January 1995; CH2M HILL, May 10, 1995; and CH2M HILL, February 12, 1997.
'Sources: CH2M HILL, January 1995, and CH2M HILL, May 10, 1995.
: = All aroclors were not detected.
U = Undetected
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2.2.2.2 Groundwater
As part of the RMC groundwater program and the south wetlands investigation, physical
and chemical data were collected related to the potential discharge of groundwater into
Salmon Creek. These investigations are summarized below.

Groundwater/ Surface Water Interaction. As part of the Draft South Wetlands Addendum to
the RI/FS Work Plan (CH2M HILL, May 8,1996c), groundwater and surface water elevations
were measured on a weekly basis from May 29 through September 25,1997, at staff gauge
SG08; monitoring wells MW18-016, MW18-031, MW38-007, MW38-035; and the Columbia
River (see Figure 2-4 for locations). Monitoring wells MW12-021 and MW12-092 were
measured monthly during the same period. Dataloggers and pressure transducers were also
used for brief periods (two weeks to one month) to collect surface water and groundwater
level data at greater frequency during a wet season period 0une) and a dry season period
(August/September) at the following locations: MW18-016, MW18-031, MW38-007, MW38-
035, and in Salmon Creek at locations as close to the monitoring wells as possible. These
water elevation data are presented in Appendix E.

In addition, the entire sitewide monitoring well network and staff gauges were also
measured and the resulting data contoured on a quarterly basis in 1997. These quarterly
monitoring events were also used to assess interactions between groundwater and Salmon
Creek. A detailed discussion of groundwater/surface water interactions is documented in a
technical memorandum contained in Appendix E.

Geoprobe Investigation. A Geoprobe investigation, conducted during the spring and
summer of 1997, included a Geoprobe location adjacent to Salmon Creek, GP31 (see
Figure 2-4). The purpose of the investigation was to develop a better understanding of
sitewide fluoride distribution in groundwater. A maximum fluoride value of 1.16 mg/L was
detected at a depth of 10 feet below the ground surface (bgs).

Groundwater Quality Data. Groundwater adjacent to Salmon Creek is monitored as part of
RMC's groundwater monitoring program. Several groundwater samples were collected at
MW12-021, MW18-016, and MW38-007 between November 1994 and November 1997
(Figure 2-4). Analyses performed on the samples collected during each groundwater
sampling event vary by well location and date. All three wells have been sampled at least
once for cyanide, fluoride, 17 total metals, PAHs, VOCs, and general chemistry. MW18-Q16
was also sampled three times for PCBs. Data ranges for these three wells are provided in
Appendix E.

2.2.3 Conceptual Model for Salmon Creek
This section presents the conceptual model for Salmon Creek. Included is an assessment of
current and future land uses, constituent sources distribution, and potential pathways for
human and ecological exposures.

Current and Future Use
Salmon Creek is used primarily as a surface water conveyance system and is operated by
the Sandy Drainage District, through its pumping and dredging operations, to prevent
flooding in Troutdale and other developed areas, such as the Troutdale Airport.
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Recreational use of the lower reach of the creek, near RMC property, is not likely because of
lack of access and dredging operations. The ecological habitat is primarily for waterfowl
and terrestrial wildlife; benthic habitat is poor, and anadromous fish are prevented from
entering the creek by the pump station.

The Metro 2040 Regional Plan defines the form of regional growth and development for the
Portland metropolitan region. According to the Plan, the future use of the area surrounding
Salmon Creek, from Sundial Road to the equalization pond, is light industrial. Future use of
Salmon Creek is expected to remain similar to its current use as a routinely dredged
stormwater conveyance system.

Constituent Distribution
Water in Salmon Creek is a result of urban, agricultural, and industrial stormwater, as well
as groundwater discharge. The primary pathways for constituent migration from the RMC
site to Salmon Creek are from shallow groundwater or surface water from the south
wetlands via the West Drainage. The West Drainage conveys surface water from the south
wetlands to Salmon Creek during wet periods, and it remains dry for most of the dry season
(generally June to October). The south wetlands is a source area because of past use by RMC
for process wastewater disposal/treatment. The surface water runoff from south wetlands
will be permitted as part of the facility's NPDES permit renewal, expected in early 1998.

In sediments, the potential constituents that could migrate from south wetlands through
West Drainage include fluoride, metals,.PAHs, TPH, and PCBs. South wetlands is well
vegetated, which minimizes transport of sediment via West Drainage. Monitoring of
stormwater indicates that total suspended solids are less than 30 mg/L during rain events.
Upstream sources not related to RMC appear to be contributing to sediment concentrations:
metals, PCBs, TPH, and PAHs were detected upstream of the West Drainage confluence.
Constituents that appear to be higher downstream of the confluence are fluoride, aluminum,
and PAHs.

In surface water, the potential constituents that could migrate from south wetlands during
storm events include fluoride and metals. Upstream sources not related to RMC appear to
be contributing to surface water concentrations: metals and low-level PAHs were detected
upstream of the West Drainage confluence. Fluoride and some dissolved metal (aluminum,
copper, and iron) concentrations were higher downstream of the confluence during one
storm event but not during the second event. The volumes of flow in Salmon Creek and—
during these events, the small percent contribution of surface water from West Drainage—
probably affect the ability to detect any difference.

The peak stormwater flows from West Drainage are a relatively small percentage of the
peak storm flows in Salmon Creek. Even under a 2-year storm, the Salmon Creek peak flow
is estimated at 248 cfs, while the peak storm flows measured in West Drainage were
approximately 2 cfs, or less than 1 percent of the flow. If there is a detectable increase in
concentrations of constituents immediately downstream of West Drainage, this effect would
be limited to a small area downstream because of the much greater flows in the creek.
Additional flows into Salmon Creek downstream of the RMC facility also decrease the
ability to detect any measurable effect on water quality: the flow in Salmon Creek near RMC
is less than half of the flow that discharges to the Columbia River.
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Salmon Creek is a gaining stream, (groundwater flows into the creek) in the winter and
spring when groundwater is high. A transition period occurs between mid-June and mid-
July as groundwater drops below the surface water elevation. During late summer and fall,
Salmon Creek becomes a losing stream and recharges groundwater.

Estimated groundwater flow into Salmon Creek is approximately 1.27 x 10-4 cfs in the
winter/spring. This indicates that the likely contribution of groundwater to Salmon Creek is
very small and suggests that the potential for constituent contribution from groundwater is
low (for further discussion, see the memorandum contained in Appendix E).

Groundwater from Fairview Farms is not expected to affect fluoride concentrations in
Salmon Creek because the August 1997 fluoride distribution shows the presence of fluoride
only in or near the northeast corner of Fairview Farms, in the UGS and intermediate sand
units. In addition, groundwater movement in this area is to the north, away from Salmon
Creek. Groundwater is more likely to affect fluoride concentrations in Salmon Creek from
Graham Road to the southeast corner of Fairview Farms, based on the fluoride distribution
in the shallow silt unit east of Salmon Creek and the westerly component of groundwater
flow in the southwest portion of the site.

Because MW38-007 appears to have a more direct hydraulic connection to Salmon Creek
than wells MW12-021 and MW18-016, MW38-007 was selected as most likely representative
of potential constituents being contributed to the creek through groundwater. The results of
groundwater samples collected at MW38-007 were compared with surface water samples
collected upstream of the confluence of West Drainage and Salmon Creek, where surface
water is not influenced by surface water discharges from RMC. The comparison suggests
there is likely an upstream contribution of dissolved metals in surface water. However,
there are no background dissolved metals results available for surface water to evaluate the
upstream contribution of metals. Both Salmon Creek samples were collected during storm
events, when the stormwater contribution of constituents is expected to be higher (see the
memorandum contained in Appendix E for a more detailed discussion).

Overall, it appears the constituent concentrations observed in surface water and shallow
groundwater are similar. Because the flows in Salmon Creek are so much greater (for
example, 248 cfs for a 2-year storm event) than that contributed by groundwater (maximum
1 x 1CH cfs), the metals detected in Salmon Creek upstream of the West Drainage confluence
are probably from upstream sources. Any contribution from groundwater would be difficult
to detect.

2.3 East Lake
The physical setting, summary of investigations, and conceptual model for East Lake are
described below.

2.3.1 Physical Setting
East Lake is located north of the COE flood control dike in the Columbia River 100-year
floodplain, approximately 600 feet east of Company Lake (Figure 1-1). The area is unfenced,
although thick blackberries surround the lake and make accessibility by people difficult.
During unusually high water periods in the Sandy River, water from the Sandy River flows

PDX17C98.DOC 2-25 - 107493.06.02.01



I

I
I
I
I
I
I
I

I
I
I
I
I
I
I

(

I

into East Lake; otherwise, there are no inlets or outlets to the lake. There is little aquatic
vegetation in the lake, and reed canarygrass and Himalayan blackberries are the dominant
riparian plants.

The appearance of and water quality in East Lake have been observed to be highly variable.
During the 1994 investigation, the water clarity was high. During 1996, after the February
floods, organic debris had been deposited in the lake and the water clarity was extremely
low. The sediment appeared to be anoxic, judging by the rotten odor and escaping gas. The
presence of anoxic sediment suggests that dissolved oxygen levels in the water column were
low. Field observations of the lake during the 1998 investigation indicate that the lake was
returning to pre-flood conditions: water clarity had increased, although it was still
somewhat turbid, and oxygen measurements were high.

In fall 1996, a fisheries and habitat characterization survey was performed on all the major
surface water areas in and around the RMC facility (CH2M HILL, March 31,1997b). The
results of this characterization indicate that there is little suitable fish habitat in East Lake.
Because of the periodic degradation of water quality in East Lake, the shallow depth, and
the lack of aquatic vegetation, it probably does not support viable fish populations, except
perhaps during rare times of direct connection with the Sandy River.

Water levels probably represent both local groundwater elevations and Sandy River/
Columbia River water elevations during periods of high water.

2.3.2 Summary of Investigations
The investigations for surface water and sediment, and the specific elements of the
groundwater program relevant to East Lake, are summarized below.

2,3.2.1 Surface Water and Sediment
Surface water and sediment sampling was conducted in the East Lake in August 1994
(CH2M HILL, January 1995). One surface water and sediment sample was collected in East
Lake, midlake. Samples were analyzed for cyanide, total fluoride, metals, PAHs, PCBs, and
petroleum hydrocarbons. In addition, sediment was analyzed for TOC, and surface water
was analyzed for hardness. No cyanide, PAHs, or PCBs were detected in the surface water
sample. Fluoride and one TPH were detected in the surface water. No cyanide, fluoride,
PCBs, or TPH were detected in the East Lake sediment sample. PAHs were detected in
sediment [total of 7.4 milligrams per kilogram (mg/kg)].

Additional surface water and sediment samples were collected in January 1998, at two
locations on the east and west ends of East Lake. Samples were analyzed for cyanide,
fluoride, metals, PAHs, PCBs, and TPH. Sediments were also analyzed for TOC, and surface
water was analyzed for dissolved metals and hardness. No cyanide, PAHs, PCBs, or TPHs
were detected in the surface water sample. There were no detections of dissolved metals
except for manganese in one sample (0.05 mg/L). Consistent with earlier findings, no
cyanide, PCBs, or TPHs were detected in the sediment samples. PAHs were detected at
slightly lower concentrations than the 1994 samples (total of 2.2 to 5.0 mg/kg).
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Selected results for East Lake surface water and sediment are provided in Table 2-7. All data
are provided in Appendix F, including a comparison with background concentration.
Appendix F also contains a map showing the sampling locations.

2.3.2.2 Groundwater
Groundwater/Surface Water Interactions. Until mid-November 1997, there were no
monitoring wells located in the vicinity of East Lake to allow comparison of groundwater
elevations with East Lake surface water elevations. However, shallow groundwater
gradients north of the COE dike are relatively flat. Therefore, an average groundwater
elevation was interpolated from the individual monitoring wells located north of the dike to
provide a representative estimated groundwater elevation for the East Lake area. These
average groundwater elevations for the 1997 quarterly water level monitoring events are
shown in Figure 2-5.

Comparison of the average groundwater elevations with the bottom elevation of East Lake
indicates that, for the majority of the year, the lake is perched above the water table .(that is,
the average groundwater elevations were below the lake bottom for February, August, and
November 1997). Only during flooding events do groundwater levels rise above lake
bottom elevation, as shown by the May 1997 average groundwater elevation. The perched
conditions are likely caused by a localized confining layer of fine-grained sediment and
decomposing organic matter. Because of the perched nature of East Lake, there is a
predominant downward hydraulic gradient between the surface water and groundwater.
Because the lake does not dry out in the summer and fall, leakage out of the lake is
suspected to be minimal.

Geoprobe Investigation. During the Geoprobe investigation conducted during the spring
and summer of 1997, two Geoprobe locations, GP11 and GP18, were drilled in the vicinity of
East Lake (see Figure 2-4). These Geoprobe locations focused on the fluoride distribution in
groundwater near and adjacent to the Columbia and Sandy Rivers. The fluoride concentra-
tions detected in GP11 and GP18 are presented in Figure 2-5. Based on the results of the
Geoprobe investigation, groundwater monitoring well MW53-034 was installed southeast of
GP11 to monitor potential groundwater influence on the Sandy River. MW53-034 was
sampled in November 1997 for fluoride, cyanide, 17 total metals, PAHs, VOCs, and general
chemistry. No cyanide, PAHs, or VOCs were detected. Fluoride and eight total metals were
detected in the groundwater. Laboratory results are provided in Appendix F.

2,3.3 Conceptual Model for East Lake
This section presents the conceptual model for East Lake. Included is an assessment of the
physical setting, current and future land use, constituent distribution, and potential
pathways for human and ecological exposures.

2.3.3.1 Current and Future Use
The land surrounding the lake is zoned Urban Future (UF) by Multnomah County, with an
overlay for Significant Environmental Concern (SEC) and Flood Fringe (FF). Current and
future use of East Lake is as ecological habitat, primarily for migratory waterfowl and
terrestrial wildlife; it is not viable fishery habitat. Residential, commercial, or other
industrial uses are unlikely because of the area's current zoning, location north of the COE
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dike, and the possibility of flood. Recreational use of the lake is unlikely because of the
lake's inaccessibility, lack of fisheries, shallowness, and soft substrate.

2.3.3.2 Constituent Distribution
The constituents of potential concern include fluoride in surface water and metals and
P AHs in sediments. The exact sources of these constituents are unknown. Some or all of
these could be attributable to natural or anthropogenic background. The potential mechan-
isms of constituent migration from the RMC site to East Lake are via groundwater (during
unusually high groundwater periods) and surface water. East Lake was likely connected to
Company Lake sometime before 1957, when the road between the two water bodies was
improved. Aerial photographs show a road between the two water bodies as early as 1918,
but it is unknown whether the road allowed movement of Company Lake water toward
East Lake. The natural movement of water would probably have been from the Sandy River
to East Lake, to Company Lake, and then to the Columbia River. This situation would have
minimized transport from Company Lake to East Lake.

The constituents of potential concern in groundwater include fluoride and metals. The
maximum fluoride values detected at the two Geoprobe locations were: 4.36 mg/L at 42 feet
bgs at GPU and 7.35 mg/L at 72 feet bgs at GP18 (see Figure 2-5), approximately 32 and 67
feet below the bottom of the lake, respectively. Fluoride was detected at 2.32 mg/L at
MW53-034 (again, approximately 20 feet below the bottom of the lake). As is typically
observed, the concentrations of inorganics in the MW53-034 groundwater sample were
generally higher than those detected in surface water. However, because of the perched
nature of East Lake, the resulting downward hydraulic gradient, and the low fluoride
concentration in the shallow groundwater in the vicinity of the lake, the potential for
groundwater to adversely affect East Lake is low.
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This section describes the preliminary evaluation conducted for the surface water and
sediment areas to identify data needs. It includes the preliminary risk evaluation, a
preliminary ARARs evaluation, and data needs identification. This preliminary evaluation
addresses Steps 3 through 6 of the process to identify data needs outlined in Section 4 of the
Draft RI/FS Work Plan (CH2M HILL, May 8,1996a).

3.1 Preliminary Risk Evaluation
A preliminary risk evaluation was conducted for the surface water, sediment, and riparian
soil areas. The representativeness of the analytical data and the conceptual exposure models
for both human health and ecological receptors are reviewed, followed by preliminary risk
characterization for feasible human health and ecological exposure pathways. Three
categories of representativeness were considered in the evaluation of data:

• Chemical representativeness—analyses are conducted for constituents expected to be
present, on the basis of an understanding of historical processes and potential releases to
the river

• Exposure representativeness—environmental media are evaluated where receptor
exposure is most feasible

• Spatial representativeness—samples are collected at sufficient density and areal coverage
so that resulting concentrations represent a geographically integrated exposure for the
receptors of concern

Descriptions of habitat in the vicinity of these areas are provided in Technical Memorandum
RA No. 3: Terrestrial Habitat Characterization (CH2M HILL, March 31,1997a). The procedures
and approach used to estimate risks are described in the Draft Human Health and Ecological
Risk Assessment Addendum to the RI/FS Work Plan (CH2M HILL, August 5,1996). The
uncertainties in the risk estimates are identified, and potential data needs for refining the
risk estimates for the areas are discussed.

3.1.1 Columbia River
Potentially complete exposure pathways, data representativeness, and risk estimates for the
Columbia River are evaluated in the following sections.

3.1.1.1 Potential Pathways of Human and Ecological Exposure
The current understanding of the potential sources, release mechanisms, transport media,
and exposure pathways for human and ecological receptors are presented schematically in
Figures 3-1 and 3-2. Recreational users of the Columbia River are the most plausible human
population potentially exposed via incidental ingestion or dermal contact with surface
water, sediments, and riparian soils. Riparian vegetation, aquatic organisms, and terrestrial
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Figure 3-1
Conceptual Model for Potential Human Exposures at the Columbia River

Reynolds Metals Company, Troutdale, Oregon
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Figure 3-2
Conceptual Model for Potential Ecological Exposures at the Columbia River

Reynolds Metals Company, Troutdale, Oregon
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wildlife could potentially be exposed to site-related constituents in surface water, sediments,
and riparian soils.

3.1.1.2 Evaluation of Data Representativeness for the Columbia River
Chemical, exposure, and spatial representativeness was evaluated for Columbia River data.

Chemical Representativeness
Columbia River surface water, sediment, and riparian soil samples have been analyzed for
cyanide, fluoride, metals, PAHs, and PCBs. On the basis of the site history and potential
source and release mechanisms illustrated in the conceptual site models (Figures 3-1 and
3-2), constituents analyzed in these samples represent those most likely to have been
historically released to the Columbia River. Potential sources of releases to the Columbia
River, including refractory brick located near the Company Lake outfall and discharge from
RMC site groundwater, have also been analyzed for constituents that are considered
chemically representative of potential historical releases.

Exposure Representativeness
In-stream surface water exposure estimates are primarily based on an evaluation of the
potential for groundwater containing site-related constituents to discharge to the river. The
shallow and intermediate unit groundwater quality was the primary focus of this
evaluation, based on the fluoride distribution in groundwater in the vicinity of the rivers
and the more direct discharge pathways to the rivers that these units represent.

As described in Section 2.1.2.3, in-stream concentrations were calculated based on measured
groundwater concentrations, assumed river flows, and conservative assumptions about
mixing. For fluoride, the measured concentrations collected as part of the Geoprobe
investigation along the Columbia River were used (see Section 2.1.3 for details). For non-
fluoride constituents, groundwater data from wells north of the dike were used. Maximum
detected groundwater concentrations and a conservative mixing factor (MF) were used to
calculate the equivalent river concentration after mixing. Because of the limited number of
samples analyzed for dissolved inorganics, the maximum groundwater concentration for
many of the inorganic constituents is based on analysis of unfiltered samples, which may
overestimate potential exposure to in-stream concentrations. Appendix D provides details
on the derivation of the mixing factors and the calculated fluoride concentrations estimated
in the Columbia River.

For the non-fluoride constituents, the RMC groundwater database, containing validated
quarterly groundwater monitoring results from July 1994 through November 1997, was
queried for all detected constituents in 15 monitoring wells located north of the COE dike
and screened in the UGS and intermediate sand (except MW53-034, located along the Sandy
River). Notably, one half of the maximum detected values were from MW21-012, which is
screened in waste at the north landfill. The estimated mixing factor used for the Columbia
River (MF = 67,000) was based on a 7Q10 river flow, assuming that the groundwater mixes
with 40 percent of the river flow. The 40 percent of river flow available for mixing was
considered representative based on river channel depth and on horizontal and vertical
hydraulic gradients of groundwater near the river. This mixing calculation provides
estimates of potential surface water concentrations that are considered conservatively
representative of potential exposure in the Columbia River. In fact, these estimates almost
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certainly overestimate potential in-stream concentrations because the calculation is based
on:

• Maximum detected concentrations in grouhdwater

• The highest observed hydraulic gradients

• The highest measured hydraulic conductivity

• Values that underestimate flow near the RMC facility

Calculated in-stream surface water concentrations are provided in Table 3-1.

A single surface water sample was collected from the Columbia River, within the permitted
NPDES mixing zone. Samples collected within the permitted mixing zone are not
representative of potential exposure from, non-permitted releases within the river, therefore
this sample was not used for quantitative risk evaluation.

Sediment samples were collected in locations where human and ecological exposure are
possible, therefore these data are considered representative of potential exposure. Riparian
soil samples were taken from interstitial soil in the refractory brick area and are not
representative of current exposures. These soil samples were evaluated quantitatively for
potential future exposures.

Spatial Representativeness
The mixing calculations used to estimate potential surface water concentrations in the
Columbia River incorporate fluoride data from seven evenly spaced geoprobe wells
adjacent to the river and non-fluoride data from 15 wells located north of the dike. Due to
the extent of coverage, the data are therefore deemed to be spatially representative. Five
sediment and three riparian soil samples were collected from brick piles located adjacent to
the Company Lake outfall. These sediment and soil samples are not spatially representative
of locations where exposure may occur because the sampling was directed to capture the
upper end concentrations from a potential source area. (For example, most of the sediment
samples were collected at the base of the brick areas and some of these samples were also
from within the permitted mixing zone.) However, this brick area is considered a potential
source to the river and the samples are expected to represent a worst case exposure from
this potential source. For the purpose of this preliminary evaluation, the sediment and
riparian soil data will be considered spatially representative.

3.1.1.3 Risk Estimates for the Columbia River
This section presents risk estimates conducted for the purpose of planning data needs and
for site prioritization purposes. The constituents detected in surface water, groundwater,
sediment, and riparian soil are not notable for bioaccumulating and thus foodchain
pathways are not considered for the identification of data needs. The results presented here
will be carried forward into the sitewide baseline risk assessment and should not be
construed as the final basis of remedial action.

Potential Human Exposures to Surface Water, Sediment, and Riparian Soil. Recreational
users of the Columbia River could potentially be exposed to surface water, sediment, and
riparian soil adjacent to the site. A reasonable maximum exposure (RME) was estimated on
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Table 3-1
Calculated Surface Water Concentrations in the Columbia River

Analyte
1 , 1 , 1 -Trichioroethane
Acenaphthene
Aluminum
Antimony (111)
Barium
Beryllium
Cadmium
Calcium
Chloride
Chromium (VI)
Copper
Cyanide, Amenable
Fluorene
Iron
Lead
Magnesium
Manganese
Mercury
Naphthalene
Nickel
Nitrate-N
P-lsopropyltoluene
Potassium
Silver
Sodium
Sulfate
Toluene
Vanadium
Zinc

Maximum Detected Values in Shallow and
Intermediate Groundwater North of the COE

Dike8

Sample Location of Max.
Detected Value

MW30-03Q
MW21-012
MW21-012
MW21-012
MW30-100
MW21-012
MW22-027
MW30-100
MW21-063
MW08-027
MW21-012
MW08-027
MW21-012
MW21-012
MW08-027
MW30-100
MW30-100
MW21-012
MW21-012
MW21-063
MW30-030
MW21-012
MW30-100
MW27-081
MW21-012
MW21-063
MW08-127
MW21-025
MW27-045

Maximum Detected
Value (ug/L)

2.0
0.2

13700
1.1
150
24.4
2.2

68100
87800

24
126.0
160

0.133
121000

17.5
35900
3480
0.21
2.0
5.0

5900
4.0

5900
3.8

200000
86700

8.0
5.0
5.1

Calculated In-stream
Concentration

Maximum Concentration
(Mg/L)b
0.00003
0.000003

0.204
0.00002
0.002
0.0004
0.00003

1.016
1.310

0.0004
0.002
0.002

0.000002
1.81

0.0003
0.536
0.052

0.000003
0.00003
0.001
0.088

0.00006
0.088

0.00006
2.99
1.29

0.0001
0.0001
0.0001

' Monitoring wells used for this comparison: MW08-027, MW08-127, MW09-030, MW20-026, MW21-012, MW21-025, MW21-063,
MW22-027, MW23-025, MW27-045, MW27-081, MW30-030, MW30-100, MW51-069, MW52-045

' Assumes conservative scenario: 7Q1 0 river flow, assuming groundwater mixes with 40 percent of river flow (mixing factor = 67,000)
: Criteria for Protection of Human Health. The value is based on recalculated values using IRIS, as of 9/90.
1 Criteria for Protection of Human Health. The value is based on published criteria.

PDX17CA4.XLS
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the basis of a 35-kilogram (kg) child potentially being exposed to surface water, sediment, or
riparian soil via ingestion and dermal contact 1 day per week, 26 weeks per year, over a
5-year period. The noncancer and excess lifetime cancer risk estimates for recreational users
are summarized in Table 3-2. A complete list of samples evaluated and exposure assump-
tions, together with risk calculation data tables, is provided in Appendix G, Tables G-l to
G-13.

Table 3-2
Summary of Risk Estimates for Columbia River Surface Water, Sediment, and Riparian Soil

(Reasonable Maximum Exposure)

Exposure Case

Columbia River
Surface Water

Columbia River
Sediment

Columbia River
Riparian Soil

Exposure
Scenario

Recreational — child

Recreational — child

Recreational — child

Exposure Route

Ingestion
Dermal

Total

Ingestion
Dermal

Total

Ingestion
Dermal

Total

Noncancer Hazard
Index

4.0 x10'7
8.1 X10"8

<0.01

0.038
O.Q07

0.045

0.037
0.007

0.044

Excess Lifetime
Cancer Risk

6.3 x10'12

1.3 xtO"12

7.6 x10'12

1.2 x10'7
5.2 x10'8

1.7 x10'7

8.3 x10-8

3.6 x10'8

1.2 x10"7

Calculated surface water concentrations and the. maximum constituent concentrations
detected in sediment and riparian soil were used for risk quantification. Surface water,
sediment, and riparian soil risk estimates are below the EPA's target risk levels of an excess
cancer risk of <1 x KM. Risk estimates are below the Oregon Department of Environmental
Quality (DEQ) acceptable risk level for single carcinogens (1 x 1O6) and cumulative risk
(1 x 1O5). They are also below the EPA and DEQ acceptable human health hazard index of
<1.0.

These risk estimates do not account for naturally occurring or anthropogenic sources of
these constituents, adding conservatism to the analysis. Background concentrations of PAHs
in sediment were higher than the maximum detected concentrations used in these risk
estimates. The dermal pathway is not quantified for PAHs in this preliminary risk
assessment because of the uncertainties associated with risks from PAHs via this route.
Toxicity values do not exist for the dermal route of exposure. If dermal exposure to PAHs
occurs, the potential risks could be higher than the estimates provided in Table 3-2.

Potential Ecological Exposures
Potential Ecological Exposure to Surface Water. Fluoride is the most important site-related
constituent detected in site groundwater, but there are no ambient water quality criteria
(AWQC) available. Therefore, available freshwater aquatic toxicity data were compiled from
literature sources and are summarized in Table 3-3. When multiple studies were available
for a given aquatic species, the acute and chronic toxicity values were averaged for that
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individual species. These results provide an indication of fluoride toxicity potential to the
aquatic community as a whole. Appendix Table G-10 provides the individual toxicity
values.

Table 3-3
Species-Specific Averages for Aquatic Toxicity of Fluoride Compounds3 ||

Species

Brown trout

Caddisfiy

Coho salmon

Daphnia magna

Fathead minnow

Freshwater crab

Mosquitofish

Rainbow trout

Snake-head catfish

Three-spine stickleback

Acute Toxicity
Average Ld® (mg/L)

111.3

29.6

-

245.7

254.5

-

418

142.5

--

393.3

Chronic Toxicity
(mg/L)

2

25.1

10

3.7

-

13

-

27.6

4.5

--

See Appendix Table G-10 for individual toxicity values.
aValue represents species average when multiple studies were available.

Potential exposure to aquatic organisms was evaluated based on a comparison of calculated
surface water concentrations of constituents to freshwater toxicity benchmarks. For fluoride,
calculated surface water concentrations, based on 7Q10 flow, minimum monthly flow, and
mean annual flow, are provided in Table 3-4. On the basis of the toxicity values shown in
Table 3-3 and the calculated in-stream fluoride concentrations in Table 3-4, no adverse effect
is expected to aquatic organisms under any of the most plausible streamflow conditions. For
the purpose of this evaluation, toxicity studies based on exposure durations of greater than
4 days were considered chronic and studies based on exposure durations of equal to or less
than 4 days were considered acute. These definitions are consistent with conventional use
by regulatory agencies (that is, NPDES).

PDX17C98.DOC 3-8 107493.06.02.01
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Table 3-4
Estimated Incremental Increase in Fluoride Concentration in the Columbia River,

Based on Measured Groundwater Concentrations Adjacent to the River

River Flow
Condition

7Q10

Minimum Monthly

Mean Annual

Fluorrde Concentration (mg/L) Based on Portion of River Flow Available for Mixing

20 Percent

0.00005

0.00004

0.00002

40 Percent

0.00003

0.00002

0.00001

50 Percent

0.00002

0.00002

0.00001

A comparison of estimated exposure concentrations with freshwater toxicity benchmarks
for non-fluoride constituents is provided in Table 3-5. Calculated surface water concen-
trations after mixing are well below freshwater toxicity benchmarks and calculated fluoride
concentrations are well below levels that would be expected to produce an adverse effect to
aquatic organisms.

Potential Ecological Exposure to Sediment. A comparison of Columbia River maximum
sediment concentrations with available sediment benchmark levels and background is
provided in Table 3-6. For all detected constituents, sediment concentrations are well below
the sediment ecological benchmarks and/or background levels. On the basis of the available
sediment benchmark levels and background concentrations, sediments are not expected to
pose an unacceptable risk to aquatic organisms.

Potential Ecological Exposure to Riparian Soil. Soils along the Columbia River, adjacent to
the Troutdale site, are compared with background and ecological benchmarks in Table 3-7.
Maximum concentrations detected in riparian soils were less than ecological benchmarks
and/or similar to or less than concentrations found in upland or wetland background soils.

Summary of Preliminary Risk Evaluation for the Columbia River
The preliminary risk evaluation results indicate that risks to human populations potentially
exposed to the Columbia River surface water, sediments, or riparian soil are below EPA and
DEQ acceptable cancer risk and hazard index levels. Ecological benchmark comparisons
indicate that surface water, sediment, and riparian soil constituents are not expected to pose
an unacceptable risk to ecological receptors. These results will be further evaluated during
the sitewide baseline risk assessment.

3.1.2 Sandy River
Potentially complete exposure pathways, data representativeness, and risk estimates for the
Sandy River are evaluated in the following sections.

3.1.2.1 Potential Pathways of Human and Ecological Exposure
Human and ecological conceptual exposure models for the Sandy River are presented
schematically in Figures 3-3 and 3-4. Recreational users of the Sandy River are the most
plausible human population potentially exposed via incidental ingestion or dermal contact
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Table 3-5
Comparison of Freshwater Toxicity Benchmarks and Calculated Surface Water

Concentrations in the Columbia River

Analyte
1,1,1-Trichloroethane
Aluminum
Acenaphthene
Antimony (III)
Barium
Beryllium
Cadmium
Calcium
Chloride
Chromium (VI)
Copper
Cyanide, Amenable
Fluorene
Iron
Lead
Magnesium
Manganese
Mercury
Naphthalene
Nickel
Nitrate-N
P-lsopropyltoluene
Potassium
Silver
Sodium
Sulfate
Toluene
Vanadium
Zinc

Maximum Detected Values in
Shallow and Intermediate

Groundwater North of the COE
Dike"

Sample Location
of Max. Detected

Value
MW30-030
MW21-012
MW21-012
MW21-012
MW30-100
MW21-012
MW22-027
MW30-100
MW21-063
MW08-027
MW21-012
MW08-027
MW21-012
MW21-012
MW08-027
MW30-100
MW30-100
MW21-012
MW21-012
MW21-063
MW30-030
MW21-012
MW30-100
MW27-81
MW21-012
MW21-063
MW08-127
MW21-025
MW27-045

Maximum
Detected Value

(ug/L)
2.0

13700
0.2
1.1
150

24.4
2.2

68100
87800

24
126.0
160

0.133
121000

17.5
35900
3480

0.21
2.0
50

5900
4.0

5900
3.8

200000
86700

8.0
5.0
5.1

Calculated
In-stream

Concentration

Maximum
Concentration

(ug/L)b
0.00003
0.204

0.000003
0.00002
0.002
0.0004
0.00003

1.016
1.310

0.0004
0.002
0.002

0.000002
1.806

0.0003
0.536
0.052

0.000003
0.00003

0.001
0.088
0.0001
0.088

0.00006
2.985
1.294

0.0001
0.0001
0.0001

Freshwater Screening
Criteria

Acute Toxicity
(U9/L)

18000 C(1),d
750 c(6),g

1700 c(1),d
88 c(7)

130 c(1),d
2.2. c(2),e

860000 c(5)
16 c(2)
1 1 c(2),e
22 c(2)

43 c(2),e

2.4 c(2)
2300 c(1),d
921 c(3),d

0.92 c(7)

17500 c(1),d

76 c(4),e

Chronic
Toxicity (ug/L)

1800 C(l),f
87 c(6),g
520 c(1),d
30 c(7)

5800 h
5.3 c(1),d
0.8 c(2),e

116000 h
230000 c{5)

11 c(2)
8 c{2),e

5.2 c(2)
520 1

1000
1.7 c(2),e

82000 h
1100 h

0.012 c(2)
620 c(1),d
102 c(3),d

1750 j
53000 h

0.12 c(7)
680000 h

1750 c(1),f
80 h
69 c(4),e

a. Monitoring wells used for this comparison: MW08-027, MW08-127, MW09-030, MW20-026, MW21-012, MW21-025,
MW21-063, MW22-027, MW23-025, MW27-045, MW27-081 , MW30-030, MW30-100, MW51-069, MW52-045

b. Assumes conservative scenario: 7Q10 river flow, mixing w/40% of river (mixing factor = 67,000}
c. Ambient Water Quality Criteria for Protection of Freshwater Aquatic Life. The acute criterion reflects a one hour average

not to be exceeded more than once every three years on average. The chronic criterion reflects a 4-day average
concentration not to be exceeded more than once in three years on the average.
Sources:
(1) From 45 FR 79318, November 28, 1980.
(2) From 50 FR 30784, July 29, 1985.
(3) From 51 FR 43665, Decembers, 1986.
(4) From 52 FR 6213, March 2, 1987.
(5) From 53 FR 19028, May 26, 1988.
(6) From 53 FR 33177, August 30, 1988.
(7) From 55 FR 19986, May 14, 1990.

d. Not enough data were available to derive numerical national water quality criteria for aquatic life protection for
these chemicals. Values reflect lowest reported effects levels. From 45 FR 79318. November 24, 1980.

e. Criterion is dependent on the hardness of the water.
Assumed hardness (mg/L): 60

f. Acute criteria = chronic criteria / 10
g. Criteria are pH and temperature dependent,
h. Criteria from "Toxicological benchmarks for screening contaminants of potential concern for effects on freshwater

biota." G.W. Suter. Env. Tox. and Chem. 1996. 15(7}:1 232-1 241.
i. Criterion based on acenaphthene criterion,
j. Criterion based on toluene criterion.
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Figure 3-3
Conceptual Model for Potential Human Exposures at the Sandy River

Reynolds Metals Company, Troutdale, Oregon
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Table 3-6
Comparison of Columbia River Sediment with Background Concentrations and Sediment Benchmarks

Analyte

RMC Sediment

Columbia
River

Maximum
Detected

Background
Maximum

Detected in
Columbia or

Sandy Rivers a

Sediment Benchmarks
NOAA:
Effects

Range-Low
(ER-L)b

NOAA: Effects
Range-Median

(ER-M)b

Ontario
.MOE: Low

Effect
Level0

Ontario MOE:
Severe Effect

Level0
norganic Compounds (mg/kg)

Fluoride (340.2M)
Fluoride (340.1/.2)
TOO

13
240

5740
160

37000
Total Metals (mg/kg)

Aluminum
Arsenic
Barium
Calcium
Chromium
Cobalt
Copper
Iron
Magnesium
Manganese
Nickel
Potassium
Sodium
Vanadium
Zinc

6800
2.5
66

3200
9.67

11
12

14000
1750
170

14
500
439
35.2

59

16300
4.4

164.5
3600
18.9

12
24.8

18900
3500
270

18
770
918
46

155

8.2

81

34

20.9

150

70

370

270

51.6

410

6

26

16
20,000

460
16

120

3c

11C

11<
40.00C

me
75

82(
PAHs {mg/kg)

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Chrysene
Fluoranthene
lndeno(1 ,2,3-cd)pyrene
Phenanthrene
Pyrene

0.013
0.021
0.048
0.022
0.033
0.023
0.017
0.017
0.023

0.073
0.035
0.065
0.022
0.11
0.3

0.024
0.074

0.2

0.26
0.43

0.38
0.6

0.24
0.665

1.6
1.6

2.8
5.1

1.5
2.6

3 Source: CH2M HILL, December 1 996.
b Source: National Oceanic and Atmospheric Administration; effects levels are the updated and revised values from

Long etal., 1995.
" Source: Ontario Ministry of the Environment; effect levels from Persaud et al., revised 1993.
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Table 2-7
Summary of Surface Water and Sediment Data in East Lake

Analyte
Inorganic Compounds

Cyanide, Total
Fluoride (340. 1A2)
Fluoride (340.2M)
Fluoride (300.0)
Fluoride (Gl Extraction)

Metals
Aluminum
Arsenic
Barium
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Vanadium
Zinc

PAHs
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

PCBs
Total PCBs

Conventional Compounds
TOG

Surface Water3 (mg/L)

Minimum

0.01 U

0.7
0.33R

Dissolved
0.05 U

0.004 U
0.02 U

0.002 U
0.1 U

0.001 U
2.03

0.0498
0.04 U
0.02 U
0.05 U

Total
0.0906
0.004 U
0.02 U

0.0021
0.774
0.001 U

1.9
0.073
0.04 U
0.02 U
0.05 U

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

ND

Maximum

0.02U

0.7
0.36R

Dissolved
0.05 U

0.005 U
0.02 U

0.002 U
0.1 U

0.001 U
2.05
0.05 U
0.04 U
0.02 U
0.05 U

Total
0.221
0.004 U
0.02 U

0.0051
0.89

0.0044
2.41

0.085
0.04 U
0.02 U
0.05 U

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

ND

No. of
Samples

3

1
2

2,3
2,3
2,3
2,3
2,3
2,3
2,3
2,3
2,3
2,3
2,3

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

3

Sedimenta(mg/kg)

Minimum

0.5 U
530 J

5U
1 U

75 U
Total

13700
3.2

79.4
31.6

18700
14 J

3400
220
26.3
48.9
78.5

0.042 U
0.042 U
0.042 U
0.191
0.222
0.239
0.182
0.152
0.259
0.044
0.243
0.042 U

0.2
0.042 U
0.17 U

0.236

ND

16500

Maximum

1.42 U
570 J

5U
77
75 U

Total
34100

5.4 U
156

58.8
24000

28
6960
447
45

111
135

0.17 U
0.17 U
0.17 U
0.72
0.9
1.4

0.76
0.336 D

1
0.101
0.96
0.17 U
0.69
0.17 U

0.333
1

ND

38000

No. of
Samples

3
2
1
2
2

3
3
3
3
3
3
3
3
3
3
3

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

3

3
"Sources: CH2M HILL, January 1995, and the January 1998 East Lake sampling effort (collected as part of this work plan addendum).
R = Result is rejected due to gross QA/QC outliers; presence or absence of material cannot be certain.
U = Undetected.
ND = All aroclors were not detected.
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Table 3-7
Comparison of Columbia River Riparian Soil with Background Concentrations and

Soil Benchmarks

Parameter Name

RMC Riparian Soil

Maximum Detected
Along the Columbia

River
Inorganic Compounds (mg/kg)

Fluoride (340.2M)
Fluoride (340.1/.2)
TOO

Total Metals (mg/kg)
Aluminum
Arsenic
Barium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Sodium
Vanadium
Zinc

PAHs (mg/kg)
Benzo(b)fluoranthene

4

340
5920

11100
1.7

51.4
3960
16.3
8.72
17.8

16600
5.8

2780
235
14.3
444
662

48.2
34.2

0.4

Background Concentrations a

Maximum
Detected in

Upland Soils

240
58100

10500
1.6
63

2860
11.5

18.9
11800

25.9
1590

192
9.6
422
670

58.1
102

Maximum
Detected in

Wetland Soils

250
26100

14600
11.9
107

3740
19.3
7.21
28.5

122000

28
3950
252
15.5

1900
647
125
140

Soil Benchmark b

Terrestrial Ecotox

2941
2941

10751
29.f
205$

46(

327

20J

15881
639E

70.J
367

3 Source: CH2M HILL, December 1996
3 Source: Suter and Tsao, June 1 996

PDX17CA4.XLS Draft Surface Water and Sediment Areas
Addendum to the RI/FS Work Plan



Figure 3-4
Conceptual Model for Potential Ecological Exposures at the Sandy River

Reynolds Metals Company, Troutdale, Oregon
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with surface water, sediments, and riparian soils. Riparian vegetation, aquatic organisms,
and terrestrial wildlife could potentially be exposed to site-related constituents in surface
water, sediments, and riparian soils.

3.1.2,2 Evaluation of Data Representativeness for the Sandy River
Chemical, exposure, and spatial representativeness was evaluated for Sandy River data.

Chemical Representativeness
Sandy River surface water, sediment, and riparian soil samples have been analyzed for
cyanide, fluoride, metals, SVOCs (including PAHs), and PCBs. On the basis of site history
and potential source and release mechanisms illustrated in the conceptual site models
(Figures 3-3 and 3-4), constituents analyzed represent those most likely to have been
historically released to the Sandy River. RMC site groundwater that potentially discharges
to the Sandy River has also been analyzed for constituents that are considered chemically
representative of potential historical releases.

Exposure Representativeness
Surface water exposure estimates are primarily based on an evaluation of the potential for
groundwater containing site-related constituents to discharge to the river. Using the same
method described for the Columbia River, validated quarterly groundwater monitoring
results from July 1994 through November 1997 were queried for all detected constituents in
monitoring wells MW53-034, MW10-023 and MW10-090. For fluoride, the measured
concentrations collected as part of the Geoprobe investigation along the Sandy River were
used (see Section 2.1.3 for details). The maximum detected value for each constituent and
the mixing factor (MF) derived in the surface water modeling (described in Section 2.1.3 and
Appendix D) were used to estimate an equivalent river concentration after mixing. Because
of the limited number of samples analyzed for dissolved inorganics, the maximum ground-
water concentration for many of the inorganic constituents is based on analysis of unfiltered
samples, which may overestimate potential exposure to in-stream concentrations. The
estimated mixing factor used for the Sandy River was MF = 220 based on a 7Q10 river flow,
assuming that groundwater mixed with 25 percent of the river flow. These conservative
mixing calculations provide estimates of potential surface water concentrations that are
considered representative of potential worst case exposure in the Sandy River because they
are based on conservative assumptions (maximum detected groundwater concentrations,
highest hydraulic gradients and conductivity, low estimate for river flow). Calculated in-
stream surface water concentrations, used to estimate exposure concentrations, are provided
in Table 3-8.

Additionally, six surface water samples were collected from the Sandy River. One of these
samples was collected from a nonflowing backwater area that is more representative of
groundwater seepage than in-stream exposure. This sample is not representative of in-
stream concentrations for aquatic exposure but could represent potential terrestrial
ecological or human exposure.

Sandy River sediment samples were collected in locations where human and ecological
exposure are possible, therefore the data are considered representative of potential
exposure. Riparian soil samples were taken from interstitial soil in the refractory brick area

PDX17C98.DOC 3-15 107493.06.02.01
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Table 3-8
Calculated Surface Water Concentrations in the Sandy River

Analyte
Aluminum
Barium
Beryllium
Calcium
Chloride
Chromium (VI)
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Nitrate-N
Potassium
Silver
Sodium
Sulfate

Maximum Detected Values in Shallow
and Intermediate Groundwater
Upgradient of the Sandy River3

Sample Location of
Max. Detected Value

MW10-023
MW10-023
MW10-023
MW10-023
MW10-023
MW10-023
MW10-023
MW1 0-023
MW10-023
MW10-023
MW10-023
MW1Q-023
MW10-090
MW10-023
MW53-034
MW10-023
MW 10-023

Maximum
Detected Value

(ug/L)
730
60

0.62
27700
6940
20
2.4

32600
4.1

22600
1620
12.7
890
3750
3.0

16000
111000

Calculated
In-stream

Concentration
Maximum

Concentration
(Hg/L)b

3.3
0.27
0.003
126
32

0.091
0.011
148

0.019
103
7.4
0.06
4.0
17

0.014
73
505

1 Monitoring wells used for this comparison: MW53-034, MW10-023, MW10-090
' Assumes conservative scenario: 7Q10 river flow, mixing w/40% of river (mixing factor = 220)
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and are not representative of current exposures. Therefore, these soil samples were
evaluated quantitatively for potential future exposures.

Spatial Representativeness
The mixing calculation used to estimate potential surface water concentrations in the Sandy
River incorporates data from wells upgradient of the river. Because of the extent of
coverage, the data are therefore deemed to be spatially representative. Additionally, five
in-stream surface water samples and one backwater sample have been used in this
evaluation. The maximum detected concentrations from these six samples have been used
as an estimate of in-stream exposure concentrations for this analysis. Since the backwater
sample is considered to be more representative of groundwater concentrations, these
exposure estimates are likely to overestimate in-stream concentrations. Nine sediment and
four riparian soil samples collected from the refractory brick areas were also used in this
risk analysis. The brick areas are considered potential sources to the river, therefore the
samples are expected to spatially represent a worst-case exposure from this potential source.

3.1.2.3 Risk Estimates for the Sandy River
This section presents risk estimates conducted for the purpose of planning data needs and
for site prioritization purposes. The constituents detected in surface water, groundwater,
sediment, and riparian soil are not notable for bioaccumulating and, thus, foodchain
pathways are not considered for the identification of data needs. The results presented here
will be carried forward into the sitewide baseline risk assessment and should not be
construed as the final basis of remedial action.

Potential Human Exposures
Potential Human Exposures to Surface Water, Sediment, and Riparian Soil. A RME was
estimated based on a 35-kg child potentially being exposed to these media via ingestion and
dermal contact 1 day per week, 26 weeks per year, over a 5-year period. The noncancer and
excess lifetime cancer risk estimates for recreational users are summarized in Table 3-9. A
complete list of samples evaluated and exposure assumptions, together with risk calculation
data tables, is provided in Appendix G, Tables G-15 to G-29.

The maximum measured constituent concentrations detected in Sandy River surface water,
sediment, and riparian soil were used for risk quantification. Calculated surface water
concentrations were also used for risk quantification. Surface water, sediment, and riparian
soil risk estimates are below EP A's target risk levels of an excess cancer risk of <1 x 1CH.
Risk estimates are below the DEQ acceptable risk level for single carcinogens (1 x 1Q-6) and
cumulative risk (1 x 1O5). They are also below the EPA and DEQ acceptable human health
hazard index of <1.0.
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Table 3-9
Summary of Risk Estimates for Sandy River Surface Water, Sediment, and Riparian Soil .

(Reasonable Maximum Exposure)

Exposure Case

Sandy River
Calculated Surface
Water

Sandy River
Measured Surface
Water

Sandy River
Sediment

Sandy River
Riparian Soil

Exposure
Scenario

Recreational — child

Recreational — child

Recreational — child

Recreational — child

Exposure Route

Ingestion
Dermal

Total

Ingestion
Dermal

Total

Ingestion
Dermal

Total

Ingestion
Dermal

Total

Noncancer Hazard
Index

3.5 x10"5

6.9 x10'6

<0.01

0.003
0.001

<0.01

0.050
0.009

0.059

0.043
0.008

0.051

Excess Lifetime
Cancer Risk

4.7 x10'11

9.4 x10'12

5.6 x10'11

N/A*
N/A*

N/A*

1.3 x10'7
6.3 x10'8

1.9x10"7

8.3 x10'8
4.0 X10"8

1.2 x10'7

N/A = Not available
* Carcinogens were not detected in surface water.

Potential Ecological Exposures
Potential Ecological Exposure to Surface Water. Using the same methods described for the
Columbia River, potential exposure to aquatic organisms was evaluated based on a
comparison of calculated surface water fluoride concentrations to freshwater toxicity
benchmarks (Table 3-10). Potential exposure to aquatic organisms was evaluated based on a
comparison of calculated surface water concentrations for non-fluoride constituents to
freshwater toxicity benchmarks. On the basis of the fluoride toxicity concentrations in
Table 3-3 and the calculated fluoride concentrations in Table 3-10, no adverse effect is
expected to aquatic organisms under any of the most plausible streamflow conditions.

Table 3-10
Estimated Incremental Increase in Fluoride Concentration in the Sandy River,

Based on Measured Groundwater Concentrations Adjacent to the River

River Flow

Condition

7Q10

Minimum Monthly

Mean Annual

Fluoride Concentration (mg/L) Based on Percent of River Flow Available for Mixing

10 Percent

0.006

0.003

0.0006

25 Percent

0.002

0.001

0.0002

50 Percent

0.001

0.0005

0.0001
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A comparison of estimated exposure concentration with freshwater toxicity benchmarks for
non-fluoride constituents is provided in Table 3-11. Calculated surface water concentrations
are well below levels that would be expected to produce an adverse effect to aquatic
organisms, indicating that groundwater discharge to the Sandy River is not expected to pose
an unacceptable risk to aquatic organisms.

Table 3-12 presents a comparison of Sandy River maximum detected surface water concen-
trations with available freshwater acute and chronic AWQC and terrestrial benchmarks.
Maximum surface water concentrations for amenable cyanide and dissolved iron exceed
respective freshwater chronic AWQC. The amenable cyanide exceedance was from a sample
collected on the east bank of the Sandy River (SR-SW044) and, because of its location, is
considered to be a background sample. No cyanide was detected in any of the samples from
the west bank, adjacent to the site. The dissolved iron exceedance is from the backwater
sample (SR-SW041), which is considered to be more representative of groundwater
concentrations and likely overestimates potential in-stream aquatic exposure concentrations.
Only the dissolved form of metal is used to evaluate potential exceedance of freshwater
criteria because the dissolved form is considered bioavailable. Terrestrial benchmarks are
not exceeded by any of the surface water samples. Exceedances of ecological benchmarks do
not imply unacceptable ecological risk for the Sandy River. The ecological risk assessment
for these constituents of potential concern •mil be refined in the sitewide baseline risk
assessment.

Potential Ecological Exposure to Sediment. A comparison of Sandy River maximum sedi-
ment concentrations with relevant background and available sediment benchmark levels is
provided in Table 3-13. Although total cyanide was detected at a maximum sediment con-
centration exceeding the EPA Region V advisory level, the concentration of the bioavailable
fraction (amenable cyanide) is likely to be much lower. The maximum concentrations of
copper, iron, and manganese slightly exceed respective background concentrations, but are
generally within the range of advisory levels available for these metals. For all other constit-
uents with available advisory levels, maximum concentrations were below these levels.
Exceedance of a particular ecological sediment advisory level does not necessarily indicate
unacceptable ecological risk for the Sandy River but only identifies the constituent as one of
potential concern. The ecological risk assessment for these constituents of potential concern
will be further addressed and refined in the sitewide baseline risk assessment.

Potential Ecological Exposure to Riparian Soil. Maximum soil concentrations along the
Sandy River, adjacent to the Troutdale site, are compared with background and ecological
benchmarks in Table 3-14. Concentrations in riparian soils were less than ecological toxicity
benchmarks and/or similar to and less than concentrations found in upland or wetland
background soils.

.Summary of Preliminary Risk Evaluation for Sandy River
The preliminary risk evaluation results indicate that risks to human populations potentially
exposed to the Sandy River surface water, sediments, or riparian soil are below EPA and
DEQ acceptable cancer risk and hazard index levels. Some constituents have been identified
as chemicals of potential ecological concern and require further evaluation. These results
will be further evaluated during the sitewide baseline risk assessment.
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Table 3-11
Comparison of Calculated Surface Water Concentrations and Freshwater

Toxicity Benchmarks in the Sandy River

Analyte
Aluminum
Barium
Beryllium
Calcium
Chloride
Chromium (VI)
Copper
ron
_ead
Magnesium
Manganese
Nickel
Nitrate-N
Potassium
Silver
Sodium
Sulfate

Maximum Detected Values in
Shallow and Intermediate

Groundwater Upgradient of
the Sandy River8

Sample Location
of Max. Detected

Value
MW1 0-023
MW1 0-023
MW1 0-023
MW1 0-023
MW1 0-023
MW1 0-023
MW1 0-023
MW1 0-023
MW1 0-023
MW10-023
MW1 0-023
MW1 0-023
MW1 0-090
MW1 0-023
MW53-034
MW1 0-023
MW1 0-023

Maximum
Detected

Value (ug/L)
730
60

0.62
27700
6940
20
2.4

32600
4.1

22600
1620
12.7
890
3750
3.0

16000
111000

Calculated
In-stream

Concentration

Maximum
Concentration

(ng/L)b
3.3

0.27
0.003
126
32

0.091
0.011
148

0.019
103
7.4
0.06
4.0
17

0.014
73
505

Freshwater Benchmarks

Acute Toxicity
(van.)

750

130

860000
16
11

43

921

0.92

C(5),f

c(1 ),d

c(4)
c(2)
c(2),e

c(2),e

c(3),d

c(6)

Chronic Toxicity
(van.)

87
5800
5.3

116000
230000

11
8

1000
1.7

82000
1100
102

53000
0.12

680000

C(5),f
g
c(1),d
g
C(4)
c(2)
c(2),e

c(2),e
g
g
c(3),d

g
c(6)
g

a. Monitoring wells used for this comparison: MW53-034, MW1 0-023, MW1 0-090
b. Assumes most conservative scenario: 7Q10 river flow, assuming groundwater mixing w/ 25% of river flow

(mixing factor = 220).
c. Ambient Water Quality Criteria for Protection of Freshwater Aquatic Life. The acute criterion reflects

a one-hour average not to be exceeded more than once every three years on the average. The chronic
criterion reflects a 4-day average concentration not to be exceeded more than once in three years on the
average.
Sources:
(1) From 45 FR 79318, November 28, 1980.
(2) From 50 FR 30784, July 29, 1985.
(3) From 51 FR 43665, December 3, 1986.
(4) From 53 FR 19028, May 26, 1988.
(5) From 53 FR 33177, August 30, 1988.
(6) From 55 FR 19986, May 14, 1990.

d. Not enough data were available to derive numerical national water quality criteria for aquatic life
protection for these chemicals. Values reflect lowest reported effects levels. From 45 FR 79318.
November 24, 1980.

e. Criterion is dependent on the hardness of the water.
Assumed hardness (mg/L): 60

f. Criteria are pH and temperature dependent,
g. Criteria from "Toxicological benchmarks for screening contaminants of potential concern for effects on

freshwater biota." G.W. Suter. Env. Tox.and Chem. 1996. 15(7): 1232-1 241.

PDX17CA4.XLS Draft Surface Water and Sediment Areas
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Table 3-12
Comparison of Sandy River Surface Water Concentrations with Background Concentrations,

Freshwater Toxicity Benchmarks, and Terrestrial Benchmarks

Analyte

Sandy River

Maximum Detected
Adjacent to RMC

(mg/L)

Background9

Maximum Detected
in Sandy River

(mg/L)

Surface Water Benchmarks

AWQC
Freshwater

Acute Toxicity
(mg/L)b

AWQC
Freshwater Chronic

Toxicity (mg/L)b

Terrestrial
Benchmark

(mg/L)°
Inorganic Compounds

Cyanide (total)
Cyanide (amenable)
Hardness

Metals
Aluminum
Calcium
Iron
Lead
Magnesium
Manganese
Mercury
Potassium
Sodium

0.09
0.09
115

Dissolved
<0.05
28.6
3.29

<0.001
11.1
1,91

<0.0002
1.9

8.34

Total
0.578
27.8
6.12

0.0018
11

1.78
0.0005

2.16
8.6

<0.02
<0.02
18.7

Dissolved
NA
NA
NA
NA
NA
NA
NA
NA
NA

Total
0.15
4.63

0.157
0.001 1

1.73
<0.02

<0.0002
<1

3.91

0.022 0.0052 40.'

0.75

0.083

0.0024

0.087

1
0.0032

0.000012

17.1

31

66c
0.04E

NA = Not analyzed.

"Source: CH2M HILL, December 1996.
b Source: National Ambient Water Qual ty Criteria.
: Source: CH2M HILL, August 5, 1 996 (Appendix A, Tables A-2 and A-22).
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Table 3-13
Comparison of Sandy River Sediment with Background Concentrations and Sediment Benchmarks

Analyte

RMC Sediment

Sandy River
Maximum
Detected

Background
Maximum

Detected in
Sandy and
Columbia

River3

Sediment Benchmarks

NOAA:
Effects

Range-Low
(ER-L)b

NOAA:
Effects

Range-Median
(ER-M)b

Ontario
MOE: Low

Effect
Level0

Ontario MOE:
Severe Effect

Level"
inorganic Compounds (mg/kg)

Cyanide
Fluoride (340.2M)
Fluoride (340.1/.2)
TOO

1.1
3

330
24300

160
37000

Total Metals (mg/kg)
Aluminum
Arsenic
Barium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Sodium
Vanadium
Zinc

16000
3

98.2
4730
20.1
10.7
25.5

22100
10

3840
301

17
787
669

53.4
61

16300
4.4

164.5
3600
18.9

12
24.8

18900
17.6

3500
270

18
770
669

46.8
155

8.2

81

34

46.7

20.9

150

70

370

270

218

51.6

410

6

26

16
20,000

31

460
16

120

3c

11C

11C
40,000

25C

1110
75

82C
SVOCs (mg/kg)

Benzoic Acid 5.3| I
No PAHs or PCBs were detected in Sandy River sediment samples.
a Source: CH2M HILL, December 1996.
b Source: National Oceanic and Atmospheric Administration; effects levels are the updated and revised values from

Longetal., 1995.
c Source: Ontario Ministry of the Environment; effect levels from Persaud et a!., revised 1993.
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Table 3-14
Comparison of Sandy River Riparian Soil with Background Concentrations and

Soil Benchmarks

Parameter Name

RMC Riparian Soil

Maximum Detected
Along the Sandy River

Inorganic Compounds (mg/kg)
Fluoride (340.2M)
Fluoride (340.1 /.2)
TOO

11
350

30200
Total Metals (mg/kg)

Aluminum
Arsenic
Barium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Sodium
Vanadium
Zinc

14500
1.9

66.1
4140
18.8
10.1
24.2

19200
8.1

3390
276
17.1
500

1010
52.5
47.1

Background Concentrations3

Maximum
Detected in

Upland Soils

Maximum
Detected in

Wetland Soils

240
58100

250
26100

10500
1.6
63

2860
11.5

18.9
11800

25.9
1590
192
9.6
422
670
58.1
102

14600
11.9
107

3740
19.3
7.21
28.5

122000
28

3950
252
15.5
1900
647
125
140

Soil Benchmark b

Terrestrial Ecotox

2941
2941

10751
29.i
205S

46(

327

20;

15881
639i

70.J
367

a Source: CH2M HILL, December 1996.
3 Source: Suter and Tsao, June 1996.

PDX17CA4.XLS Draft Surface Water and Sediment Areas
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3.1.3 Salmon Creek
Potentially complete exposure pathways, data representativeness, and risk estimates for
Salmon Creek are evaluated in the following sections.

3.1.3.1 Potential Pathways of Human and Ecological Exposure
The current understanding of the potential sources, release mechanisms, transport media,
and exposure pathways for human and ecological receptors are presented schematically in
Figures 3-5 and 3-6. For human exposures, the most plausible receptors are juvenile
trespassers in the area of Salmon, Creek. Trespassers could potentially be exposed via
incidental ingestion or dermal contact with surface water and sediment. Terrestrial wildlife
or birds could potentially be exposed to site-related constituents in Salmon Creek surface
water and sediment. Aquatic organisms in the Columbia River could potentially be exposed
to site-related constituents in Salmon Creek surface water that has discharged to the river.

3.1.3.2 Evaluation of Data Representativeness for Salmon Creek
Chemical, exposure, and spatial representativeness was evaluated for Salmon Creek data.

Chemical Representativeness
Salmon Creek surface water and sediment samples have been analyzed for cyanide,
fluoride, metals, PAHs, TPH, and PCBs. On the basis of site history and potential source and
release mechanisms illustrated in the conceptual site models (Figures 3-5 and 3-6),
constituents detected in these samples represent the most likely to have been historically
released to Salmon Creek and the Salmon Creek discharge to the Columbia River.

Exposure Representativeness
Surface water and sediment samples were collected in accessible locations where human
and ecological exposure are possible; therefore, these data are considered representative of
potential locations where exposure may occur. The maximum concentration for many of the
inorganic constituents is based on analysis of unfiltered samples, which is likely to
overestimate potential exposure. In addition, samples collected during storm events could
bias long-term exposure.

Spatial Representativeness
Seven surface water samples and five sediment samples, taken from just upstream of the
West Drainage confluence to just west of Sundial Road, were used to estimate exposure
concentrations for surface water and sediments in Salmon Creek. These surface water and
sediment samples are not spatially representative of all locations in Salmon Creek where
exposure may occur because the sampling was directed to a small reach of the creek
adjacent to the site to capture the upper end concentrations from a potential source area. As
a result, these samples are expected to represent a worst-case exposure from this potential
source.

3.1.3.3 Risk Estimates for Salmon Creek
This section presents risk estimates conducted for the purpose of planning data needs and
for site prioritization purposes. The constituents detected in surface water and sediment are
not notable for bioaccumulating, and thus foodchain pathways are not considered for the
identification of data needs. The results presented here will be carried forward into the

PDX17C98.DOC 3-24 - 107493.06.02.01



Figure*
Conceptual Model for Potential Human Exposures at Salmon Creek

Reynolds Metals Company, Troutdale, Oregon
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FiguresPo
Conceptual Model for Potential Ecological Exposures at Salmon Creek

Reynolds Metals Company, Troutdale, Oregon
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sitewide baseline risk assessment and should not be construed as the final basis of remedial
action.

Potential Human Exposures
Potential Human Exposure to Surface Water and Sediment. A RME was estimated based
on a 35-kg child potentially being exposed to surface water or sediment via ingestion and
dermal contact 1 day per week, 26 weeks per year, over a 5-year period. The noncancer and
excess lifetime cancer risk estimates for trespassers are summarized in Table 3-15. A
complete list of samples evaluated and exposure assumptions, together with risk calculation
data tables, is provided in Appendix G, Tables G-30 to G-37.

The maximum constituent concentrations detected in Salmon Creek surface water and
sediments were used for risk quantification. Surface water and sediment risk estimates are
below EPA's target risk levels of an excess cancer risk of <1 x 1CH. Risk estimates are below
the DEQ acceptable risk level for single carcinogens (1 x 1O6) and cumulative risk (1 x 1O5).
They are also below the EPA and DEQ acceptable human health hazard index of <1.0.

The dermal pathway is not quantified for PAHs in the risk assessment because of the
uncertainties associated with risks from PAHs via this route. If dermal exposure to PAHs
occurs, the potential risks could be higher than the estimates provided in Table 3-15.

Table 3-1 5
Summary of Risk Estimates for Salmon Creek Surface Water and Sediment

(Reasonable Maximum Exposure)

Exposure Case

Salmon Creek
Surface Water

Salmon Creek
Sediments

Exposure
Scenario

Trespasser — child

Trespasser — child

Exposure Route

Ingestion
Dermal

Total

Ingestion
Dermal

Total

Noncancer Hazard
Index

0,003
0.0002

<0.01

0.061
0.014

0.075

Excess Lifetime
Cancer Risk

2.9 x10'10

N/A

2.9 x10'10

5.4 x10'7
1.0 x10'7

6.4 x10'7

N/A = Not available

Potential Ecological Exposures
Potential Ecological Exposure to Surface Water. A comparison of Salmon Creek maximum
detected surface water concentrations with terrestrial benchmarks is provided in Table 3-16.
Chemicals detected in Salmon Creek surface water are well below terrestrial benchmarks.

Based on reasonable estimates of the contribution of Salmon Creek discharge to the
Columbia River, chemical constituents in Salmon Creek would not be expected to pose an
adverse effect to aquatic receptors in the Columbia River. The surface water samples were
collected immediately downstream of West Drainage, before the West Drainage flows fully
mixed with the creek. The estimated peak flow in West Drainage is about one percent of the
Salmon Creek peak flows and the flow in Salmon Creek near the RMC site is about
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Table 3-1 6
Comparison of Salmon Creek Surface Water Concentrations

with Terrestrial Benchmarks

Analyte
Inorganic Compounds
Fluoride
PAHs
Benzo(b)Fluoranthene
Benzo(g,h,i)Perylene
Fluoranthene
Fluorene
Pyrene
Metals
Aiuminum
Calcium
Copper
Iron
Lead
Magnesium
Manganese
Potassium
Sodium
Vanadium
Zinc

Maximum Detected
Surface Water
Concentration

(mg/L)

1.0

0.0001
0.0001
0.0001
0.0002
0.0002

Dissolved
0.232

0.004
0.457

Total
5.3
15

0.015
7.7

0.0093
6.2

0.068
3.2
8

0.024
0.071

Terrestrial
Benchmark

(mg/L)a

140

3.96
3.96
—
—
—

7.64
—

66.25
—

31.00
—
663
—
—

1.18
51.21

a. Ambient Water Quality Criteria for Protection of Freshwater Aquatic Life. The acute
criterion reflects a one-hour average not to be exceeded more than once every
3 years on the average. The chronic criterion reflects a 4-day average concentration
not to be exceeded more than once in three years on the average,

b. Criterion is dependent on the hardness of the water.
Assumed hardness (mg/L): 60

c. Criteria from "Toxicological Benchmarks for Screening Contaminants of Potential
Concern for Effects on Freshwater Biota." G.W. Suter. Env. Tox. and Chem.
1996. 15(7): 1232-1 241.

d. Criterion based on acenaphthylene criterion.
a Source: CH2M HILL, August 5, 1996.
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45 percent of the total creek flow discharging to the Columbia River. For surface water
concentrations at the point of exposure, the Columbia River would be at least half of the
concentrations in Salmon Creek but probably considerably less.

Potential Ecological Exposure to Sediment. A comparison of Salmon Creek maximum
sediment concentrations with sediment benchmark levels and background is provided in
Table 3-17. None of the constituents detected in Salmon Creek sediments during the three
field investigations exceed both the ecological benchmark concentration and background.
The ecological risk assessment for these constituents of potential concern will be refined in
the sitewide baseline risk assessment.

Summary of Preliminary Risk Evaluation for Salmon Creek
The preliminary risk evaluation results indicate that potential risks to human populations
exposed to Salmon Creek surface water or sediment are below EPA and DEQ acceptable
cancer risk and hazard index levels. Some constituents have been identified as chemicals of
potential ecological concern and require further evaluation. These results will be further
evaluated during the sitewide baseline risk assessment.

3.1.4 East Lake
Potentially complete exposure pathways, data representativeness, and risk estimates for
East Lake are evaluated in the following sections.

3.1.4.1 Potential Pathways of Human and Ecological Exposure
The current understanding of the potential sources, release mechanisms, transport media,
and exposure pathways for human and ecological receptors is presented schematically in
Figures 3-7 and 3-8. For human exposures, the most plausible receptors at East Lake are
trespassers, who could potentially be exposed via incidental ingestion or dermal contact
with surface water and sediment. Terrestrial wildlife or birds using the East Lake area could
potentially be exposed to site-related constituents in surface water and sediment.

3.1.4.2 Evaluation of Data Representativeness for East Lake
Chemical, exposure, and spatial representativeness were evaluated for East Lake data.

Chemical Representativeness
East Lake surface water and sediment samples have been analyzed for cyanide, fluoride,
metals, PAHs, TPH, and PCBs. On the basis of site history and potential source and release
mechanisms illustrated in the conceptual site models (Figures 3-7 and 3-8), constituents
detected in these samples represent the most likely to have been historically released to East
Lake.

Exposure Representativeness
Surface water and sediment samples were collected in accessible locations where human
and ecological exposure are possible; therefore, these data are considered representative of
potential exposure. The maximum concentration for many of the inorganic constituents is
based on analysis of unfiltered samples, which is likely to overestimate potential exposure.

PDX17C98.DOC 3-29 - 107493.06.02.01
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Table 3-1 7
Comparison of Salmon Creek Sediment Concentrations with Background

Concentrations and Terrestrial Benchmarks

Chemical

Acenaphthene
Aluminum
Anthracene
Aroclor 1254
Aroclor 1260
Arsenic
Barium
3enzo(a)anth racene
3enzo(a)pyrene
3enzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Cadmium
Calcium
Chromium
Chrysene
Cobalt
Copper
Cyanide
Dibenzo(a,h)anthracene
Fluoranthene
Fluoride By 340. 1/340.2
!ndeno(1 ,2,3-cd)pyrene
Iron
Lead
Magnesium
Manganese
Nickel
Phenanthrene
Potassium
Pyrene
Sodium
Vanadium
Zinc

Maximum Detected
Sediment

Concentration
(mg/kg)
0.020

17,000
0.077
0.12
0.23
4.0
88
0.9
1.1
2.5
0.88
0.56
1.3

5,200
19
1.0
18
57
2

0.10
1.2

380
0.72

25,000
32

2,600
200
44
0.40
640
1.3

720
80
260

Maximum Detected
Background Sediment

Concentration
(mg/kg)

25,100
0.077
0.12

6.5
203
0.44
0.53
0.84
0.4

0.240
0.5

5,200
39.9
0.52
15
55

0.097
0.68
250
0.32

30,700
49

3,330
563
21
0.34
866
0.58
693
83
200

Terrestrial
Benchmark
(mg/kg) a

192
11,915

192
20.58
20.58
29.77
2,059

192
192
192
192
192
6.91
—
460
192
—
327
548
192
T92

192
—
205
—

15,881
6,398
192
—
192
—

70.84
367

3Source: Draft Human Health and Ecological Risk Assessment Addendum to the RI/FS Work Plan (CH2M HiLL,
Augusts, 1996).
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Figure 3-7
Conceptual Model for Potential Human Exposures at East Lake

Reynolds Metals Company, Troutdale, Oregon
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Figure 3-8
Conceptual Model for Potential Ecological Exposures at East Lake

Reynolds Metals Company, Troutdale, Oregon
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Spatial Representativeness
Three surface water and sediment samples were collected from East Lake. This shallow lake
is expected to be well mixed; therefore, the surface water samples are considered spatially
representative of potential human or ecological exposure. There is no reason to expect that
the distribution of constituents in sediment is heterogeneous because there are no known
historical releases to East Lake that would result in higher concentration areas. Therefore,
the sediment samples are considered spatially representative.

3.1.4.3 Risk Estimates for East Lake
This section presents risk estimates conducted for the purpose of planning data needs and
for site prioritization purposes. The constituents detected in surface water and sediment are
not notable for bioaccumulating, and thus foodchain pathways are not considered for the
identification of data needs. The results presented here will be carried forward into the
sitewide baseline risk assessment and should not be construed as the final basis of remedial
action.

Potential Human Exposures
Potential Human Exposure to Surface Water and Sediment. A RME was estimated based
on a 35-kg child potentially being exposed to surface water or sediment via ingestion and
dermal contact 1 day per week, 26 weeks per year, over a 5-year period. The noncancer and
excess lifetime cancer risk estimates for trespassers are summarized in Table 3-18, A
complete list of samples evaluated and exposure assumptions, together with risk calculation
data tables, is provided in Appendix G, Tables G-38 to G-44.

Table 3-1 8
Summary of Risk Estimates for East Lake Surface Water and Sediment

(Reasonable Maximum Exposure)

Exposure Case

East Lake Surface
Water

East Lake
Sediments

Exposure
Scenario

Trespasser — child

Trespasser — child

Exposure Route

Ingestion
Dermal

Total

Ingestion
Dermal

Total

Noncancer Hazard
Index

0.0008
0.0001

<0.01

0.093
0.016

0.11

Excess Lifetime
Cancer R!sk

N/A*
N/A*

N/A*

4.1 x10'7
6.7 x10"8

4.8 x10'7

N/A = Not available

Because of the limited number of samples, the maximum constituent concentrations
detected in East Lake surface water and sediment were used for risk quantification. Surface
water and sediment risk estimates are below the EPA's target risk levels of an excess cancer
risk of <1 x 1CM. Risk estimates are also below the DEQ acceptable risk level for single
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carcinogens (1 x 1CH) and cumulative risk (1 x lO5). They are also below the EPA and DEQ
acceptable human health hazard index of <1,0,

Potential Ecological Exposures
Potential Ecological Exposure to Surface Water. A comparison of East Lake maximum
detected surface water concentrations with terrestrial benchmarks is provided in Table 3-19.
Constituents detected in East Lake surface water are well below terrestrial benchmarks.

Table 3-1 9
Comparison of East Lake Surface Water Concentrations with

Background Concentrations and Terrestrial Benchmarks

Analyte

Aluminum
Calcium
Copper
Fluoride, Total (340.2M)
Iron
Lead
Magnesium
Manganese
Potassium
Sodium

Maximum
Surface Water

Concentration (mg/L)
Total
0.22

5.87

0.01

0.70

0.89

0.0044
2.41

0.09

1.80

3.86

Dissolved
ND

5.39

ND

ND

ND

ND
2.05

ND

1.27
3.32

Maximum Background
Concentrations in
Sandy River (mg/L)
Total
0.15

4.63

<0.0022

<0.25

0.157

0.0011
1.73

<0.02
<1

3.91

Dissolved
NA

NA

NA

NA

NA

NA
NA

NA

NA

NA

Terrestrial
Benchmark

(mg/L)a

7.64

—
66.25

139.78
...

31
—

663

—
...

ND = Not detected
NA = Not analyzed
"Source: CH2M HILL, Decembers, 1996.
a Source: Suter and Tsao, June 1 996.

Potential Ecological Exposure to Sediment. A comparison of East Lake maximum sediment
concentrations with terrestrial benchmark levels and background is provided in Table 3-20.
Maximum sediment concentrations detected for aluminum and vanadium exceed available
terrestrial benchmark levels. Exceedances of ecological benchmarks do not imply unaccept-
able ecological risk for the East Lake but only indicate the need for further evaluation. The
ecological risk assessment for these constituents of potential concern will be refined in the
sitewide baseline risk assessment. These results will be further evaluated during the
sitewide baseline risk assessment.

Summary of Preliminary Risk Evaluation for East Lake
The preliminary risk evaluation results indicate that risks to human populations potentially
exposed to East Lake surface water or sediment are below EPA and DEQ acceptable cancer
risk and hazard index levels. Some constituents have been identified as chemicals of
potential ecological concern and require further evaluation.
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Table 3-20
Comparison of East Lake Sediment Concentrations with
Background Concentrations and Terrestrial Benchmarks

Chemical

Aluminum
Arsenic
Barium
Benzo(a)anthracene
Benzo(a)pyrene
Benzo{b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Cadmium
Calcium
Chromium
Chrysene
Cobalt
Copper
Dibenzo(a,h)anthracene
Fluoranthene
Fluoride (340.1/.2)
lndeno(1 ,2,3-cd)pyrene
Iron
Lead
Magnesium
Manganese
Nickel
Phenanthrene
Potassium
Pyrene
Sodium
Toe
Vanadium
Zinc

Maximum Sediment
Concentration

(mg/kg)
34,100

3.2
156
0.7
0.9
1.4
0.8
0.3
1.6

7,910
37
1.0
17
59
0.1
1.0
570
0.7

41,500
28

6,960
447
45
0.3

1,600
1.0

1,690
38,000

111
135

Maximum Background
Concentration

(mg/kg) a

25,100
6.5
203

0.085
0.14
0.29
0.18
0.092
1.9

5,200
39.9
0.17
13.4
31

0.012
0.3
250
0.16

30,700
49

3,500
563
20.8
0.13
866
0.21
693

37,000
83
200

Terrestrial
Benchmark
{mg/kg) b

11,915
29.77
2,059

192
192
192
192
192
6.91
—
460
192
—
327
192
192

2941
192
—

204.7
—

15,881
6,398
192
—
192
—
—

70.8
367.2

a Background are the maximum concentrations from Columbia River and Salmon Creek background
locations (CH2M HILL, December 3, 1996).

0 Source: Suter and Tsao, June 1996.

1
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3.2 Preliminary ARARs Evaluation
The purpose of a preliminary evaluation of ARARs at the RI planning stage is to identify
regulatory requirements that may be ARARs for the site, so that associated data needs or
data evaluation requirements can be considered in the work planning. The preliminary
ARARs evaluation for the RMC site is included as Appendix B in the Draft RI/FS Work Plan
(CH2M HILL, May 8,1996a). ARARs issues that have specific relevance for the Columbia
and Sandy Rivers, Salmon Creek, and East Lake are summarized in the paragraphs that
follow.

tt 3.2.1 Floodplain Management
" Executive Order 11988, Floodplain Management (Office of the President of the United States,

May 24,1977), requires federal agencies to evaluate the potential effects of actions taken in a
• floodplain. Actions that adversely affect floodplains are to be avoided wherever possible.
™ East Lake is within the 10-year floodplain of the Columbia River and is adjacent to a COE
. dike. The riparian edges of the Columbia and Sandy Rivers are also within the regulated

• floodplain. If a remedial action is planned for the Columbia River, the Sandy River, or East
™ Lake, an assessment of its effect on the floodplain will be needed.

I
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3.2.2 Wetland Regulations
Several manmade and natural wetlands are present at or adjacent to tiie RMC site. A
preliminary identification of potential wetland areas across the RMC site was presented in
CH2M HILL, March 31,1997a. It is likely that the fringe areas along the Columbia and
Sandy Rivers, Salmon Creek, and around East Lake are jurisdictional wetlands, although a
jurisdictional determination of the extent has not been conducted. If remedial actions are
considered for these areas, a jurisdictional determination would need to be made, and the
guidelines in CWA Section 404(b)(l) would need to be incorporated into the FS for
evaluation, if applicable.

Section 404 of the CWA, which COE administers, regulates filling or removing materials in
wetlands or waters of the state or United States. A similar requirement exists under the
Oregon Fill and Removal Law in OAR 141-85. The regulations require a coordinated review
by several agencies, including state and federal fish and wildlife agencies. The potential
environmental consequences of an action are evaluated against three primary tests:

• The need for the action (fill or removal)
• Analysis of alternatives to the action (in terms of location and design)
• The minimization of impacts caused by the action

In November 1989, EPA and COE signed an agreement under which COE will strive to
minimize the loss of wetlands. It must be demonstrated that all impacts associated with the
action have been avoided to the extent practical, and all unavoidable impacts must be
minimized.
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3.2.3 Oregon Environmental Cleanup Law
The State of Oregon has adopted numerical cleanup levels for simple sites, referred to as
SOCLEAN standards. Simple sites are defined as sites at which a limited number of
contaminants have been detected, and contamination is limited to soil, with no impact on
surface water or groundwater. The SOCLEAN standards are not intended to be used at
complex sites and, therefore, are not ARARs for the Troutdale facility.

The new Oregon Environmental Cleanup Law was enacted in the 1995 legislative session,
and the Oregon Environmental Quality Commission adopted the accompanying rules on
January 10,1997. The new regulations are risk based, and they require that cleanups be
"protective of human health and the environment." The regulations specify that remedial
actions ensure that the human and ecological receptors at the site will not be exposed to
unacceptable risks, which are explicitly defined. The new cleanup regulations require that
the current and reasonably likely future beneficial uses of groundwater and surface water in
the locality of the facility be considered when determining remedial actions.

Under the new rules, protectiveness can be established using a variety of approaches,
including risk management alternatives such as containment and institutional controls.
Because the new rules are procedural, rather than prescriptive, it is not clear whether they
can be considered more protective than corresponding federal rules. Although EPA has not
yet determined the ARARs for this site, the substantive portions of the Oregon
Environmental Cleanup Law and the regulations developed to implement it are potentially
ARARs, and the estimates of risk presented in this document are compared with the
acceptable risk levels defined by the Oregon law and regulations.

This law does not apply to permitted or authorized releases of hazardous substances, unless
DEQ determines that the application of these rules might be necessary in order to protect
human health, safety, or welfare, or to protect the environment [OAR 340-122-030(2)].

3.2.4 Cultural Resources
The National Historic Preservation Act provides for the preservation of historical and
cultural resources that may be lost as a result of affecting the natural ground surface.
Activities in connection with any federally approved project that may affect properties on or
eligible for inclusion on the National Register of Historic Places must comply with the
provisions of the National Historic Preservation Act and Section 106 of 36 CFR 800. These
provisions include a determination of whether historic or archaeological resources are
present, and if so, an evaluation of resources for their eligibility to be listed. If resources are
identified and cannot be avoided, .mitigation may be required.

Archaeological sites have been identified •west and south of the RMC facility. On the basis of
a literature review and file search at the State Historic Preservation Office, there are no
known archaeological sites on the RMC site. However, no formal archaeological field
investigations have been conducted on the site, and the property is located in an area of
high archaeological probability and sensitivity.
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3.3 Data Needs Identification
The process to identify data needs is discussed in Section 4 of the RI/FS Work Plan
(CH2M HILL, May 8,1996a) and outlined in the steps below:

1. Summarize existing situation
2. Develop conceptual model
3. Perform preliminary risk evaluation
4. Perform preliminary regulatory review and ARARs evaluation

The purpose of these steps is to determine whether the area may pose a problem from either
a risk or a regulatory perspective, on the basis of the limited data available and conservative
assumptions. If the answer is no, then no further investigation is required and the results are
carried forward to the sitewide baseline risk assessment. A summary of the data needs
identification process is provided below for the Columbia and Sandy Rivers, Salmon Creek,
and East Lake.

3.3.1 Columbia and Sandy River
Surface water and sediment samples have been collected from both rivers, principally
adjacent to potential sources. Riparian soil samples were also collected in the interstices of
the brick areas along both river. Preliminary risk evaluation indicated that the available data
are usable for risk assessment, and risk estimates for all media were below the human health
criteria. Some chemicals have been identified as chemicals of potential concern and will be
further evaluated in the sitewide ecological risk assessment.

To address the potential for groundwater discharge of constituents to the rivers, mixing
calculations were performed to estimate the in-stream concentration of these constituents.
The results were compared with ambient water quality criteria and fluoride toxicity values
to evaluate ecological effects. The calculated in-stream concentrations are well below the
levels expected to produce an adverse effect on aquatic organisms.

On the basis of the preliminary risk evaluation, no further data collection is required. The
results will be carried forward to the sitewide risk assessment.

3.3.2 Salmon Creek
Surface water and sediment samples were collected in areas adjacent to the south wetlands,
in areas expected to contain the upper end concentrations from this potential source.
Preliminary risk evaluation for human health indicated that surface water and sediment
were below the EPA and DEQ acceptable risk and hazard index levels. Some chemicals have
been identified as chemicals of potential concern and will be further evaluated in the
sitewide ecological risk assessment. No data needs have been identified.

3.3.3 East Lake
One surface water and sediment sample was collected, mid-lake, in 1994. During develop-
ment of this addendum and as a result of discussions with EPA, two additional surface
water and sediment samples were collected to improve data representativeness. Preliminary
risk evaluation for human health indicated that surface water and sediment were below the
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EPA and DEQ acceptable risk and hazard index levels. Some chemicals have been identified
as chemicals of potential concern and will be further evaluated in the sitewide ecological
risk assessment. No data needs have been identified.
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Table A-1
Columbia River Surface Water Analytical Results

Sample ID
Sample Date _^
Matrix

Location Description
Analytes (mg/L)

norganic Compounds
Cyanide, Total
Fluoride (340.2M)
Hardness

Total Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

PAHs
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo{k)fluoranthene
Chrysene
Dibenzo{a,h)anthracene
Fluoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

PCBs
Aroclor 1 01 6
Aroclor 1221
Aroclor 1 232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260

TPH
Gasoline
Diesel/related (C12-C24)
Heavy oil/related (C24-C40)

RM-SW3
8/18/94
Water

Within permitted mixing
zone

0.01 U
0.5 U
61

0.74
0.005 U
0.004 U
0.02 U
0.02 U

0.0003 U
17

0.02 U
0.05 U
0.02 U
0.48

0.004 U
4.6

0.02 U
0.0005 U

0.05 U
1 U

0.004 U
0.02 U
5.5

0.004 U
0.02 U
0.05 U

0.005 U
0.005 U
0.005 U

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.005 U

0.0001 U
0.005 U
0.005 U

0.0005 U

0.001 U
0.002 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U

RM-SW1
8/18/94
Water

Background, approximately 3
miles upstream of site

0.01 U
0.5 U
• 57

0.1 U
0.005 U
0.004 U
0.02 U
0.02 U

0.0003 U
15

0.02 U
0.05 U
0.02 U
0.1 U

0.004 U
4.7

0.02 U
0.0005 U

0.05 U
1

0.004 U
0.02 U
6.2

0.004 U
0.02 U
0.05 U

0.005 U
0.005 U
0.005 U

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.005 U

0.0001 U
0.005 U
0.005 U

0.0005 U

0.001 U
0.002 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U

0.2 U
0.5 U

1 U
Source: Removal Site Assessment Report (CH2M HILL, January 1995)

U = Undetected
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Columbia River Sediment Sampling Results

Sample ID
Station ID

Location Descn'ption
Date Sampled

' Analyte
Inorganic Compounds (mg/kg)

Cyanide, Total
Fluoride (340.2M)
Fluoride (340.1/.2)
TOC

Total Metals (mg/kg)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

PAHs (mg/kg)
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)pery!ene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

PCBs (mg/kg)
Aroclor1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
Total PCBS

TPH (mg/kg)
Diesel/related (C12-C24)

RM-SD3"
RM-SD3

Within permitted
mixing zone

8/18/94

0.1 U
13

4000

6600
1.3 U
2.1
66
0.5 U
0.5 U

3100
9.6
11
11

14000
5U

2400
150
0.2 U
14

500
0.5 U
0.5 U
290
0.5 U
34
57

0.0067 U
0.0067 U
0.0067 U

0.013
0.021
0.048
0.022

0.0067 U
0.033

0.0067 U
0.019

0.0067 U
0.017

0.0067 U
0.0067 U
0.019

0.05 U
0.1 U

0.05 U
0.05 U
0.05 U
0.05 U
0.05 U

25 U

RM-SD48

RM-SD4
Downstream of brick
and within permitted

mixing zone
8/18/94

0.1 U
5 U

8900

6800
1.3 U
2.5
66
0.5 U
0.5 U

3200
9.5
11
12

14000
5U

2500
170
0.2 U
14

480
0.5 U
0.5 U

270
0.5 U
34
59

0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.021

0.0067 U
0.0067 U -

0.018
0.0067 U
0.023

0.0067 U
0.0067 U
0.0067 U

0.017
0.023

0.05 U
0.1 U

0.05 U
0.05 U
0.05 U
0.05 U
0.05 U

25 U

CR-SD005-0000-06

CR-SD005

Upstream of brick
9/5/96

1 U
2.5 U
190

1950

3430
2.5 U
0.5 U

19.2
0.5 U
0.5 U

2440
6.62
3.14
7.55
6810

5U
1070
82.1
0.2 U

5.51
170

1 U
1 U

349
1 U

24.9
16.6

2.4 UR
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
2.4 UR

0.3 U

CR-SD006-0000-Ob

CR-SD006

Upstream of brick
9/5/96

1 U
2.5 U
170

5740

5260
2.5 U

1
31.6
0.5 U
0.5 U

2770
9.67
4.9

9.61
10200

5U
1750
103
0.2 U
8.2
264

1 U
1 U

439
1 U

35.2
27.2

2.3 UR
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
2.2 UR

0.3 U

CR-SD007-0000-Ob

CR-SD007
Within permitted

mixing zone
Adjacent to brick

9/5/96

1 U
12

240- .
2810

4140
25 U
1.2

58.1
0.5 U
0.5 U

2610
7.39
3.95
8.83

13500
5U

1330
90.5
0.2 U

6.31
339

1 U
1 U

349
1 U

28.4
26.3

2.9 UR
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
2.8 UR

0.3 U

Background0

Minimum

400

5000
0.25 U
1.51 E
60.8 E
0.5 U
0.5 U

2400
5.47 E

11
2.39 E

10243 E
10 U

2700

0.058 U
9.28 E
440

0.29 U/E
0.1 U
200

0.34 U/E
45

44.1 E

0.0067 U
0.0038 J
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U

Maximum

0.1 U

37000

16300
5.19 U/E
4.4 E

164.5 E
0.68
1.9

3600
18.9

12
24.8

18900
17.6

3500
270
0.2 U
18

770
1.2 U/E

1 U
220
12.5 U/E

46
155

0.003
0.046 U

0.2
0.073
0.035
0.065
0.022
0.021

0,11
0.0015

0.3
0.015
0.024

0.0022
0.074

0.2

0.07 U

'Source: Removal Site Assessment Report (CH2M HILL, January 1995)
'Source: Columbia and Sandy Rivers Supplemental Data Gathering Summary (CH2M HILL, January 6, 1 997). No SVOCs, except PAHs shown below, were detected.
Background ranges based on nine Columbia River sediment samples (from Technical Memorandum DS No. 12: Background Data Summary for RMC-Troutdale

[CH2M HILL, Decembers, 1996]).

E = Estimated value
U = Substance was not detected. Value given is lower quantification limit.
UJ = Substance was not detected. Detection limit is estimated as a result of QA review.
UR = Data rejected. Laboratory spiked sample with matrix spike solution instead of surrogate spike solution, so detection

limits were raised above spike concentrations.
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I Table A-3
[_ Columbia River Soil Sampling Results

^ample ID
Station ID
Location Description
Date Sampled

Analyte
Inorganic Compounds (mg/kg)

Cyanide, Total
Ruoride (340.2M))
Huoride (340.1/.2)
TOC

Total Metals (mg/kg)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese

II Mercury
Nickel
Potassium
Selenium

^Silver
HEbdium
l̂ Thallium

Vanadium
Zinc

PAHs (mg/kg)
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Ruoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

PCBs (mg/kg)
Total PCBs

Columbia River
OTFLa

OTFL
Within brick

2/2/96

1 U

210

0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.4
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U

CR-SB006-0000-Ob

CR-SB006
Upstream of brick

9/5/96

1 U
2.5 U
210

5740

11100
2.5 U
1.2

49.4
0.5 U
0.5 U

3560
16.3
8.72
17.8

16600
5U

2780
235
0.2 U

14.3
363

1 U
1 U

529
1 U^

48.2
32.2

2.4 UR
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
2.2 UR

0.3 U

CR-SB007-0000-Ob

CR-SB007
Within brick

9/5/96

1 U
4

340
5920

9500
2.5 U
1.7

51.4
0.5 U
0.5 U

3960
12.2
6.87
17.2

13400
5.8

2620
166
0.2 U

11.2
444

1 U
1 U

662
1 U

41.6
34.2

2.5 UR
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
2.5 UR

0.3 U

Background0

Upland Soils

Minimum

1 U

180
7950

7270 J
2.5 U

0.984
22.8
0.48 BJ
0.41 U
2200

7.7
2.61
9.32

8160
5.4
791
68.5
0.08 J
5.9

240
0.32 UJ
0.33 U
363

0.41 UJ
32.1
19.2

0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U"
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U

Maximum

2.6 U

240
58100

10500
5.9 U
1.6
63

0.05 U
0.05 U
2860
11.5
5.1 B

18.9 J
11800

25.9
1590
192 J
0.2 U
9.6 J

422
1 U
1 U

670
1 U

58.1
102

10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U

Wetland Soils

Minumum Maximum

1 U

120
17400

4720 J
2.5 U
1.1

33.8
0.5 U

0.47 U
2160
8.65
2.5 U
7.9 J

6190
0.71 J
924
63.7
0.09 UJ
5.25
266

0.37 U
262
0.18 U

33
26.6

0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U

0.41 U

3U

250
26100

14600
2.5 J

11.9
107

0.72
0.77
3740
19.3
7.21
28.5

122000 D
28

3950
252
0.2 U

15.5
1900

1 U
1 U

647
1 U

125
140

0.39 U
0.39 U
0.39 U
0.3 U

0.39 U
0.39 U
0.39 U
0.3 U
0.3 U

0.39 U
0.3 U

0.39 U
0.39 U
0.39 U
0.39 U
0.3 U

"Source: Columbia and Sandy Rivers: Supplemental Data-Gathering Work Plan (CH2M HILL, August 14, 1996)
'Source: Columbia and Sandy Rivers Supplemental Data Gathering Summary (CH2M HILL, January 6, 1 997). No SVOCs, except PAHs shown below,

were detected.
: Background ranges based on nine Columbia River sediment samples (from Technical Memorandum DS No. 12: Background Data Summary for

RMC-Troutdale [CH2M HILL, December 3, 1 996]).
D = Compound has been run at a dilution to bring the concentration of that compound within the linear range of the instrument
J = Estimated value.

^^= Substance was not detected. Value given is lower quantification limit.
^•= Substance was not detected. Detection limit is estimated as a result of QA review.
I^R = Data rejected. Laboratory spiked sample with matrix spike solution instead of surrogate spike solution, so detection
| limits were raised above spike concentrations.
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™ TabPP-1 ™
Sandy River Surface Water Sampling Results

Sample ID
Station ID

Location Description
Date Sampled

Analyte
Field Parameters

Conductivity (umhos/cm)
Dissolved Oxygen (mg/L)
pH
Temperature (Celsius)

Inorganic Compounds (mg/L
Cyanide. Total
Cyanide, Amenable
Fluoride (340.2M)
Fluoride (300X1)
Hardness, Total

Dissolved Metals (mg/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Total Metals (mg/L)
Aluminum
Antimony
Arsenic
Barium '
Beryllium
Cadmium
Calcium
Chromium
Cobalt

Sandy River
SR-SW1 9-05295-0"

SR-SW19
Adjacent to main brick

area

2/21/95

0.01 U

0.5 U

SR-SW20-05295-0"
SR-SW20

Upstream of brick

2/21/95

0.01 U

0.5 U

SR-SW21 -05295-0"
SR-SW21

Upstream of brick

2/21/95

0.01 U

0.5 U

SR-SW044-25096-Ob

SR-SW044
Upstream of brick, on

east bank

9/6/96

59
10.4
7.6

0.09
0.09

0.25 U
24.2

0.05 U
0.005 U
0.004 U

0.02 U
0.0003 U
0.002 U

6
0.01 U
0.05 U

0.002 U
0.107
0.001 U

2.29
0.02 U

0.0002 U
0.04 U

1 U
0.005 U
0.003 U

4.87
0.002 U

0.02 U
0.05 U

0.199
0.005 U
0.004 U

0.02 U
0.0003 U
0.002 U

5,9
0.01 U
0.05 U

SR-SW040-25096-Ob

SR-SW040
Adjacent to main brick

area

9/6/96

107
10.4
6.6

0.02 U

0.25 U
54.5

0.05 U
0.005 U
0.004 U

0.02 U
0.0003 U
0.002 U

13.9
0.01 U
0.05 U

0.002 U
0.739
0.001 U

5.41
0.412

0.0002 U
0.04 U
1.2

0.005 U
0.003 U

6.2
0.002 U

0.02 U
0.05 U

0.17
0.005 U
0.004 U

0.02 U
0.0003 U
0.002 U

13.3
0.01 U
0.05 U

SR-SW041 -25096-0
SR-SW041

Adjacent to scattered
brick area (groundwater

influenced)
9/6/96

200
6.6
6.7

18.1

0.02 U

0.25 U
115

0.05 U
0.005 U
0.004 U

0.02 U
0.0003 U
0.002 U

28.6
0.01 U
0.05 U

0.002 U
3.29

0.001 U
11.1
1.91

0.0002 U
0.04 U
1.9

0.005 U
0.003 U

8.34
0.002 U

0.02 U
0.05 U

0.578
0.005 U
0.004 U

0.02 U
0.0003 U
0.002 U
27.8
0.01 U
0.05 U

Background0

Surface Water

Minimum Maximum

0.01 U

0.1 U
18.7

0.0895 '
0.005 U

0.0011 U
0.0051 U
0.0003 U

3.33
0.005 U

0.0104 U

0.02 U

0.25 U
18.7

0.15
0.0287 U
0.004 U

0.02 U
0.0018 U
0.002 U

4.63
0.01 U
0.05 U

Shallow Groundwater

Minimum

0.01 U

0.1 U

0.19
0.005 U
0.004 U

0.02 U
0.0003 U
0.0003

0.02 U
0.01 U
0.05 U

Maximum

0.07

0.25 U

2
0.005 U
0.004 U
0.032

0.02 U
0.02 U

12
0.02 U
0.05 U

pdx17c9f.XLS Draft Surface Water and Sediment Areas



V TamH-1 V
Sandy River Surface Water Sampling Results

Sample ID
Station ID

Location Description
Date Sampled

Analyte
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

PAHsd (mg/L)
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a")anthracene
Benzo(a)^yrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

PCBs (mg/L)
Total PCBs

Sandy River
SR-SW1 9-05295-0"

SR-SW19
Adjacent to main brick

area

2/21/95

0.001 U
0.003 U

0.0002 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0002 U
0.0005 U
0.0005 U
0.0002 U
0.001 U

0.0002 U
0.0002 U

SR-SW20-05295-0"
SR-SW20

Upstream of brick

2/21/95

0.001 U
0.003 U

0.0002 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0002 U
0.0005 U
0.0005 U
0.0002 U
0.001 U

0.0002 U
0.0002 U

SR-SW21 -05295-0"
SR-SW21

Upstream of brick

1 2/21/6S

0.001 U
0.003 U

0.0002 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0002 U
0.0005 U
0.0005 U
0.0002 U
0.001 U

0.0002 U
0.0002 U

SR-SW044-25096-0"
SR-SW044

Upstream of brick, on
east bank

-9/6/96

0.002 U
0.225
0.001
2.31
0.02 U

0.0002 U
0.04 U

1 U
0.005 U
0.003 U

5.06
0.002 U
0.02 U
0.05 U

0.0001 U
0.0001 U

L 0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

0.001 U

SR-SW040-25096-Ob

SR-SW040
Adjacent to main brick

area

9/6/96

0.002 U
1.54

0.0012
5.17
0.37

0.0005
0.04 U
1.5

0.005 U
0.003 U

6.45
0.002 U
0.02 U
0.05 U

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0,0001 U
0.0001 U
0,0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

0.001 U

SR-SW041 -25096-0"
SR-SW041

Adjacent to scattered
brick area (groundwater

influenced)
9/6/96

0.002 U
6.12

0.0018
11

1.78
0.0002 U

0.04 U
2.16

0.005 U
0.003 U

8.6
0.002 U
0.02 U
0.05 U

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

0.001 U

Background"

Surface Water

Minimum

0.002 U
0.136 U
0.001 U
1.18

0.0047 U

0.0153 U
0.537 U

0.0016 U
2.46

0,0008 U
0.0047 U

0.05 U

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

Maximum

0.0022 U
0.157

0.0011
1.73
0.02 U

0.0002 U
0.04 U

1 U
0.005 U
0.003 U

3.91
0.002 U

0.02 U
0.0524 U

0.01 U
0.01 U
0.01 U
0.01 U
0.01 U
0.01 U
0.01 U
0.01 U
0.01 U
0.01 U
0.01 U
0.01 U
0.01 U
0,01 U
0.01 U
0.01 U

0.001 U

Shallow Groundwater

Minimum | Maximum

0.002 U
0.275
0.001 U

2.6
0.02 U

0.0002
0.04 U
2.7

0.004
0.003 U

5.8
0.002 U

0.02 U
0.05 U

0.0001 U
0.003 U

0.0002 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0002 U
0.0001 U
0.0005 U
0.0002 U
0.0001 U
0.0002 U
0.0002 U

0.0005 U

0.02 U
5

0.005 U
5.3

0.26 U
0.0005 U

0.1 U
3.9

0.005 U
0.02 U
7.1

0.004 U
0.02 U
0.1 U

0.0011 U
0.0033 U

0.00022 U
0.0011 U
0.0011 U
0.0011 U
0.0011 U
0.0011 U
0.0011 U

0.00022 U
0.0011 U

0.00055 U
0.00022 U

0.01 U
0.00022 U
0.00022 U

0.00055 U
' Source: Technical Memorandum DSNo.3: East Potliner Area Supplemental Data-G athering Summary (CH2M HILL, June 15, 1995)
' Source: Columbia and Sandy Rivers Supplemental Data Gathering Summary (GH2M HILL, January 6, 1997)
'Source: Background ranges based on three Sandy River surface water samples (From Technical Memorandum DS No, 12: Background Data Summary for RMC-Troutdale

[CH2M HILL, Decembers, 1996])
No SVOCs, except PAHs shown below, were detected

U = Substance was not detected. Value given is lower quantification limit.
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^ Tabled ^^
Sandy River Sediment Sampling Results

Sample ID
Station ID
Location Description

Dais: Sampled
Analyte

Inorganic Compoundsjmg/kg)
Cyanide, Total
Fluoride (340.2M))
Fluorlde (340.1/.2)
TOG

Total Metals (mg/kg)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zlno

PAHs (mg/kg)
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a}pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)pery1ene
Benzo(k)fluoranthene
Chrysene
Dib$nzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(l,2,3-cd)pyrene
Naphthalene
Phananthrene
Pyrene •

SVOCs" (mg/kq)
Benzole Add

PCBs (mg/kg)
Total PCBs

S»ndy River
SR-SD19-0001-0"

SR-SD19
Adjacent to main brick

area
274W95

0.1 U

330

0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0,5 U
0,5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U

3.3

SR-SD20-0001-0*
SR-SD20

Upstream of brick

2/21/95

0.1 U

140 U

0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U

4.8

SR-SD31-0001-0"
SR-SD21

Upstream of brick

a/al/«

0.1 u
130 U

0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U
0.5 U<

5.3

SR-SD038-0000-0*
SR-SD038

Adjacent to main
brick area

9/6/96

1 U
3

260
21000

13900
2.5 U
2.2

67.6
0.5 U
0.5 U

4490
18.8

10
24.1

19600
6.9

3640
263
0.2 U

15.6
562

1 U
1 U

567
1 U

49.2
49.9

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

0.3 U

SR-SD039-0000-0°
SR-SD039

Adjacent to scattered
brick area

9/6/96

1 U
2.5 U
240

19100

13500
2.5 U
1.9
65

0.5 U
0.5 U

4130
18.1
10.1
22.4

19600
7

3430
261
0.2 U
16

471
1 U
1 U

536
1 U

47.6
42.8

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

0.3 U

SR-SD040-0000-CT
SR-SD040

Adjacent to brick

9/6/96

1 U
2.5 U
240

24300

13000
2.5 U
2.2

75.6
0.5 U
0.5 U

4040
16.7
9.54
25.5

17300
8.1

3480
225
0.2 U

15.1
557

1 U
1 U

453
1 U

42.3
52.6

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

0.3 U

SR-SD041-0000-0
SR-SD041

Upstream of brick

9/6/96

1 U
2.5 U
220

21500

16000
2.5 U
2.3

72.5
0.5 U
0.5 U

4730
20.1
10.7
24.3

22100
7.7

3670
301
0.2 U
17

596
1 U
1 U

669
1 U

53.4
49.7

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0,33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

0.3 U

SR-SD042-0000-0"
SR-SD042

Downstream of brick

9/6/96

1 U
3

210
11800

8340
2.5 U
1.7

53.2
0.5 U
0.5 U

3200
12.8
7.07
16.7

13200
6.5

2670
186
o.au

10.9
448

1 U
1 U

338
1 U

34.6
39.3

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

0.3 U

SR-SD043-0000-0
SR-SD043

Downstream of brick

9/6/96

1.1
2.5 U
250

16300

12000
2.5 U

3
98.2
0.5 U
0.5 U

4050
16.7
9.58
22.1

18800
10

3840
300
0.2 U
16

787
1 U
1 U

516
1 U

47.5
61

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

0.3 U

Back;
Sand

Minimum

1 U

119
669

3890 J
2.5 U

0.42 U
S B

0.5 U

2800
7.76
4.1

10.4
8810

5U
1370
103 J
0.1 UJ

7.13
67 U

0.4 .U
504

0.21 U
31.4
17.1

0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U

River
Maximum

3.3 U

160
2650

8390
7.2 UJ
1.8

32.9
" 0.61 B

0.5 U
3450
14.7
7.5 B

15.2
13100

0.26 BJ
1810
156
0.2 U

11.2
247

1 U
10

918
1 U

46.8 J
38.4

0.45 U
0.45 U
0.45 U
0.45 U
0.45 U
0.45 U
0.45 U
0.45 U
0.45 U
0.45 U
0.45 U
0.45 U
0.45 U
0.45 U
0.45 U
0.45 U

0.3 U

round"
Columbia River

Minimum

400

5000
0.25 U
1.51 E
60.8 E
0.5 U
0.5 U

2400
5.47 E

11
2.39 E

10243 E
10 U

2700

0.058 U
9.28 E
440
0.29 U/E
0.1 U
200

0.34 U/E
45

44.1 E

0.0067 U
0.0038 J
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U

Maximum

0.1 U

37000

16300
5.19 U/E
4.4 E

164.5 E
0.68

1.9
3600
18.9

12
24.8

18900
17.6

3500
270
0.2 U
18

770
1.2 U/E

1 U
220
12.5 U/E

46
155

0.003
0.046 U

0.2
0.073
0.035
0.065
0.022
0.021

0.11
0.0015

0.3
0.015
0.024

0.0022
0.074

0.2

0.07 U
'Source: Technical Memorandum DS No.3: East Potllner Area: Supplemental Data-Gathering Summary (CH2M HILL, June 15, 1995)
'Source: Columbia and Sandy Rivers Supplemental Data Gathering Summary (CH2M HILL, January 6, 1 997)
'Background data based on a maximum of five Sandy River and nine Columbia River sediment samples (from Technical Memorandum DS Wo. 12: Background Data Summary lor RMC-Troutdale [CH2M HILL, December 3, 1996]).
Analytical results are provided for benzole acid only; no other SVOCs, except PAHs shown above, were detected

J = Below reporting limit and above instrument detection limit.
E = Concentration exceeds the linear range of the instrument; associated value is estimated

J = Estimated value.
1 = Substance was not detected. Value given Is lower quantification limit.
WE * Substance was not detected. Concentration exceeds the linear range of the instrument; associated detection limit Is estimated

UJ => Substance was not detected. Detection limit Is estimated as a result of QA review.
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Table B-3
Sandy River Riparian Soil Sampling Results

Sample ID
Station ID
Location Description
Date Sampled

Analyte
norganic Compounds (mg/kg)
Cyanide, Total
Ruorida (340.2M)
Ruoride (340.1 1.2)
TOO

Total Metals (mg/kg)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

PAHs" (mg/kg)
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Ruoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

PCBs (mg/kg)
Total PCBs

Sandy River
SR-SB001-0000-0'

SR-SB001
Within brick

9/6/96

1 U
2.5 U
270

5120

1Q9QO
2.5 U
1.1

42.8
0.5 U
0.5 U

3670
14.6
6.95
18.4

14100
5.4

2420
147
0.2 U

14.8
396

1 U
1 U

1010
1 U

45.9
33

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

0.3 U

SR-SB002-0000-0"
SR-SB002
Within brick

9/6/96

1 U
2.5 U
270

21100

14500
2.5 U
1.9

66.1
0.5 U
0.5 U

4140
18.8
10.1
24.2

19200
8.1

3390
276
0.2 U

17.1
500

1 U
1 U

648
1 U

52.5
47.1

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

0.3 U

SR-SB003-0000-0"
SR-SB003
Within brick

9/6/96

1 U
11

350
30200

9710
2.5 U
1.4

36.8
0.5 U
0.5 U

3810
13.6
6.43
16.S

13400
6.2

2130
158
0.2 U

11.7
338

1 U
1 U

642
1 U

44.3
32.8

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

0.3 U

SR-SB004-0000-0'
SR-SB004

Upstream of brick
9/6/96

1 U
2.5 U
220

16900

12700
2.5 U
1.4

50.7
0.5 U
0.5 U

3720
18.2
8.83
17.9

18200
5.9

3060
150
0.2 U

15.1
406

1 U
1 U

655
1 U

52.4
35.9

0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ
0.33 UJ

0.3 U

Background1"
Upland Soils

Minimum

1 U

180
7950

7270 J
2.5 U

0.984
22.8
0.05 U
0.41 U
2200

7.7
2.61
9.32

8160
5.4

791
68.5
0.2 U
5.9

240
0.32 UJ
0.33 U
363
0.41 UJ
32.1
19.2

0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U

Maximum

2.6 U

240
58100

10500
5.9 U
1.6
63

0.48 BJ
0.05 U
2860
11.5
5.1 B

18.9 J
11800

25.9
1590
192 J

0.08 J
9.6 J
422

1 U
1 U

670
1 U

58.1
102

10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U
10 U

Wetland Soils
Minimum

1 U

120
17400

4720 J
2.5 U
1.1

33.8
0.5 U

0.47 U
2160
8.65
2.5 U
7.9 J

6190
0.71 J
924

63.7
0.09 UJ
5.25
266

0.37 U
262
0.18 U

33
26.6

0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U

0.036 U
0.035 U

0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U
0.3 U

Maximum

3U

250
26100

14600
2.5 J

11.9
107

0.72
0.77
3740
19.3
7.21
28.5

122000 D
28

3950
252
0.2 U

15.5
1900

1 U
1 U

647
1 U

125
140

0.39 U
0.39 U
0.39 U

0.027 J
0.39 U
0.39 U
0.39 U
0.3 U
0.3 U

0.39 U
0.031 J

0.39 U
0.39 U
0.39 U
0.39 U

0.041 J

'Source: Columbia and Sandy Rivers Supplemental Data Gathering Summary (CH2M HILL, January 6, 1997)
'Background ranges based on seven upland soil samples and seven wetland soil samples (from Technical Memorandum DS No. 12: Background Data Summary for

RMC-Troutdale [CH2M HILL, December 3, 1996]).
:No SVOCs, except PAHs shown below, were detected
B = Estimated value; value is greater than the instrument detection limit, but less than the contract required detection limit
D = Compound has been run at a dilution to bring the concentration of that compound within the linear range of the instrument
J = Estimated value
U = Substance was not detected. Value given is lower quantification limit
UJ = Substance was not detected. Detection limit is estimated as a result of QA review
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T E C H N I C A L MEMORANDUM_____________________________CH2iyiHtLL

Analysis of Columbia River Stage Fluctuations and
Effects on Nearby Groundwater Elevations

Reynolds Metals Company, Troutdale, Oregon
PREPARED FOR: Steve Shaw/RMC

Mike Leach/RMC

PREPARED BY: Ivan Gall/CH2M HILL

COPIES: John Porcello/CH2M HILL
Dawn Sanders/CffiM HILL
Ken Trotman/CH2M HILL

DATE: February 12,1998

Introduction
This technical memorandum summarizes an analysis of Columbia River stage fluctuations
and the effects they have on nearby ground-water elevations measured at the Reynolds
Metals Company (RMC) facility in Troutdale, Oregon. The U.S. Environmental Protection
Agency (EPA) has expressed concern that the water levels in the aquifers may respond
rapidly to river stage changes during the period in which the water levels are measured,
and, therefore, the water level elevation contour maps may not accurately depict site
conditions. This analysis was conducted in response to EPA's concern.

CH2M HILL has monitored water levels for approximately 3 years at the Troutdale site as
part of the Troutdale Superfund site remedial investigation (RI). During this time, the
density of monitoring locations (both wells and surface water staff gauges) has increased,
and the understanding of the groundwater flow system and interaction between surface
water and groundwater has improved. Water levels are measured at'lO surface water
locations and approximately 90 groundwater monitoring wells.

Water levels at the RMC site are dynamic because of the close proximity of the Columbia
and Sandy Rivers, and onsite pumping of RMC production wells. The Columbia River is the
primary influence that affects short-term (nonseasonal) groundwater elevation changes.
Near the RMC site, river stage changes result from ocean tides and Bonneville Dam releases
for power production and flood control. Dataloggers and pressure transducers have been
used to measure water level fluctuations with higher frequency at some locations to
evaluate the response to river stage changes. Although groundwater response does not
appear to result in significant changes in groundwater flow directions, this higher
frequency monitoring provides insight into how the groundwater and surface water
systems interact.

C-PDX17B07.DOC C-1
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Approach
Groundwater elevation and Columbia River stage data used for this evaluation were
collected during October and November 1997 from monitoring wells located (see Figure 1)
in a north-south transect (well groups MW03, MW06, MW15, MW27, and the Columbia
River) and an east-west transect (MW06, MW29, MW31, MW33, and the Columbia River).
Data were collected hourly, with dataloggers and pressure transducers. Manual water level
measurements were taken every few days to confirm the datalogger measurements.

The monitoring well locations were chosen to provide both an east-west transect (approx-
imately parallel to the Columbia River shoreline and perpendicular to the predominant
north-northwest groundwater flow direction) and a north-south transect (approximately
perpendicular to the Columbia River shoreline and parallel to the predominant north-
nortihwest groundwater flow direction). The monitoring locations chosen include shallow
wells screened either in the silt or underlying gray sand, and intermediate and deep wells.
Shallow, intermediate, and deep well water elevation data were used to assess vertical
hydraulic gradient changes.

Water level elevation data collected at the site from 1994 to the present indicate that
groundwater elevation fluctuations in the more permeable portions of the aquifer (sand and
gravel units) occur primarily in response to Columbia River stage changes. The ground-
water elevation fluctuations are generally greater in magnitude near the river. Little
response to river stage fluctuations has been observed within the lower permeability
surficial silt and sandy silt unit, which overlies the sand and gravel.

Analysis
The discussion below focuses on the north-south and east-west well group hydrographs,
which are used to compare groundwater elevation changes with the Columbia River stage.
Two sets of hydrographs are presented at the end of this technical memorandum, organized
as follows:

• Six hydrographs (Figures 2 through 7) separated into shallow, intermediate, and deep
zones and by transect to allow analysis of the relative horizontal gradient (see below)
among the monitoring locations

• Seven hydrographs (Figures 8 through 14) of individual well groups, to allow analysis
of the vertical gradient at each of the monitoring locations

The term "relative horizontal gradient" is used here to indicate a horizontal gradient
between any two points (wells) not located at the same well group. In other words, when
water level data from two wells in the same zone but at different locations are plotted
together, the horizontal gradient is from the well with the higher water level elevations
toward the well with the lower water level elevations. The relative horizontal gradient will
not equal the actual horizontal gradient except where a line drawn between the two wells is
parallel to the groundwater flow direction. However, use of this term facilitates comparison
and discussion of water level elevation changes at different monitoring locations.
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Relative Horizontal Gradient Analysis
The Columbia River's depth near the RMC site ranges between approximately 30 and
60 feet. The Columbia River channel fully penetrates the shallow aquifer [defined here as
approximately 50 feet or less below ground surface (bgs)] near the site and is generally
believed to be the discharge location for most aquifers within the region. Near the site, the
Columbia River likely penetrates the upper 20 to 30 feet of the intermediate-depth zone
(defined here as approximately 50 to 100 feet bgs) but does not penetrate the deep zone
(defined here as approximately 100 to 200 feet bgs).

Shallow Wells
Figures 2 and 3 present hydrographs of water level elevations in shallow monitoring wells
and the Columbia River along transects that are oriented north-south and east-west. The
vertical separation of the individual hydrographs shown on each figure represents the
relative horizontal gradient between the different monitoring locations. As two lines
converge, the relative horizontal gradient decreases. Alternatively, when two lines cross,
the relative horizontal gradient reverses. For the water levels measured at shallow
monitoring wells, the relative horizontal gradients between the shallow wells remain
relatively constant toward the river.

Columbia River stage fluctuations cause short-term gradient reversals between the river
and the well closest to the river (MW27-045) and likely at MW31-034. Similar short-term
gradient reversals between the Columbia River and shallow aquifer water levels near the
river have been observed at the site since monitoring began in 1994. Note that there is very
little gradient between the river and MW31-034.

Given the short-term nature of the observed gradient reversals between the river and water
levels in the shallow aquifer, no significant effect on long-term constituent distribution and
migration is expected. The most likely result of the short-term gradient reversal that is
relevant to constituent transport is that surface water is likely to mix periodically with
groundwater near the river's edge, causing fluctuating constituent concentrations where
groundwater discharges to the river. Additionally, the gradient reversals tend to occur
when the river stage is undergoing relatively rapid and dramatic changes resulting from
changes in dam releases and/or precipitation events. These events, while frequent, are
brief; generally the gradient relationships return to more normal, or expected, conditions
within a few days.

Intermediate Wells
Figures 4 and 5 present hydrographs of intermediate-depth monitoring wells and the
Columbia River along transects that are oriented north-south and east-west. The relative
horizontal gradient relationships between the intermediate wells on Figures 4 and 5 do not
change during the monitoring period. The vertical separation between the individual water
levels is less than observed for the shallow wells, indicating that a flatter horizontal
gradient is present in the intermediate-depth zone at the site.

Data from the intermediate wells indicate that Columbia River stage fluctuations cause
more obvious water level fluctuations in the intermediate-depth wells than in the shallow
wells. There are likely several reasons for this:

• A larger area of the intermediate zone being present as part of the river bed
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• The higher permeability of the intermediate zone

• Better pressure response through the fully saturated intermediate zone (in the shallow
zone, a change in river stage will be dampened by changes in aquifer storage)

Although gradient reversals (crossing of hydrographs) occur between the river and
MW27-081 (see Figure 4), the hydraulic gradient relationship does not change between the
other wells. This indicates that the relative horizontal gradient is toward the river up to a
point somewhere between the river and MW27-081. Between the river and MW27-Q81, the
horizontal gradient responds to tidal and river stage changes and reverses (changes to an
inland flow direction) during high river levels. At this time, groundwater flow likely occurs
toward the west.

Because the flow direction between the river and groundwater changes only north of
MW27, the water level elevation maps normally presented accurately depict the predom-
inant discharge relationship south of the U.S. Army Corps of Engineers (COE) dike.
However, there are only a few time periods apparent on Figures 4 and 5 when a "snapshot"
of water levels would not accurately depict the predominant discharge relationship for the
entire site. Comparing the average surface water elevation with groundwater elevations
could diminish or eliminate the potential for depicting discharge relationships that do not
represent predominant conditions.

Deep Wells
Figures 6 and 7 present hydrographs of deep monitoring wells and the Columbia River.
More relative gradient reversals occur in the deep wells than in the shallow and inter-
mediate wells, and they occur farther south of the river. Figure 6 shows the hydrographs for
wells MW27-176 and MW06-175 crossing; however, the horizontal gradient does not change
between MW06-175 and MW15-175. This indicates that horizontal gradient reversals do
occur in the deep sand, but the reversal occurs only north of the COE dike. The gradient
reversals are likely a result of the flat horizontal gradient in the deep wells. These gradient
reversals are transient and probably do not result in a significant mass transfer of surface
water into the aquifer near the river. The net movement of groundwater is toward the river.
Columbia River stage fluctuations cause similar water level fluctuations in both the deep
and intermediate-depth "wells in addition to surface water stage changes. Water levels from
MW33-165 are influenced by onsite pumping as evidenced by the oscillatory water level
fluctuations.

Because the flow direction between the river and groundwater (and between some wells in
the deep zone) changes frequently, water level elevation maps normally presented will not
always accurately depict the predominant discharge relationship north of the dike.
Comparing the average surface water elevation with groundwater elevations could diminish
or eliminate the potential for depicting discharge relationships that do not represent
predominant conditions.

Vertical Gradient Analysis
Figures 8 through 14 are hydrographs for the following well groups: MW03, MW06, MW15,
MW27, MW29, MW31, and MW33. The Columbia River is also included on each hydro-
graph. These hydrographs are intended to evaluate the vertical hydraulic gradient at each
monitored location. Generally, there is a downward vertical gradient between the shallow
zone and deeper zones, and there is little vertical gradient between the intermediate and
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deep zones. Exceptions to this are observed in the water level data collected at the MW27
and MW33 well groups. At MW27, an upward gradient exists between the deep zone and
shallower zones, and gradient reversals occur between the shallow zone and the inter-
mediate zone. At MW33, a downward vertical gradient is present between the intermediate
and deep zones, probably a result of pumping RMC production wells and, possibly,
localized differences in stratigraphy.

•Generally, the monthly snapshots of water level measurements at each well location
accurately depict the long-term vertical gradient relationships. The vertical and horizontal
gradient reversals due only to river influences occur north of the dike and appear transient.
However, as discussed below, use of an average surface water elevation for water level
elevation contour maps improves the accuracy of individual maps and better depicts overall
surface water-groundwater relationships.

A hydrograph of the 24-hour average river stage is shown in Figure 15 (compare with
Figure 9 for the raw Columbia River stage data). The average for a time t was computed by
adding the previous 23 stage measurements to the measurement at time t, and dividing by
24. Use of an average Columbia River stage smoothes the daily tidal maximums and
minimums. However, it should be noted that most gradient reversals are caused by changes
in dam releases and/or precipitation events, and not by tidal fluctuations.

Summary
Groundwater elevation contour maps presented in this memo assist in evaluating the
relationship between groundwater and surface water, the likely direction of constituent
transport, and the likely receptors of constituents carried in groundwater. Columbia River
stage fluctuations can cause temporary horizontal hydraulic gradient reversals to occur,
primarily north of the dike in the deep sands. The data collected at the site demonstrate that
these fluctuations do not exist for sufficient duration to have a significant impact on long-
term groundwater flow directions and discharge relationships. To improve the possibility
that water level data accurately represent groundwater flow conditions, and are not
adversely affected by temporary nonrepresentative conditions caused by sudden dam
releases, 1998 water level elevation contour maps will use 24-hour average Columbia River
stage data.
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Figure 2
Shallow Groundwater and Columbia River Levels, North-South Transect

Reynolds Metals Company
Troutdale, Oregon
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Figure 3
Shallow Groundwater and Columbia River Levels, East-West Transect
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Figure 4
Intermediate-Depth Groundwater and Columbia River Levels, North-South Transect
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Figure 5
Intermediate-Depth Groundwater and Columbia River Levels, East-West Transect
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Figure 6
Deep Groundwater and Columbia River Levels, North-South Transect
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Figure 7
Deep Groundwater and Columbia River Levels, East-West Transect
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Figure 8
MW03 Well Group and Columbia River Levels
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Figure 9
N1W06 Well Group and Columbia River Levels
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Figure 10
MW15 Well Group and Columbia River Levels
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Figure 11
MW27 Well Group and Columbia River Levels
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Figure 12
MW29 Well Group and Columbia River Levels

Reynolds Metals Company
Troutdale, Oregon

c:\mjc\curtjcte Pag«1o(1



12.00

7.00
10/29/97 10/31/97

Figure 13
IUIW31 Well Group and Columbia River Levels
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Figure 14
MW33 Well Group and Columbia River Levels
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Figure 15
MW06 Well Group Water Elevations and 24-Hour Average Columbia River Elevation

Reynolds Metals Company
Troutdale, Oregon

6.00
10/13/97 10/15/97 10/17/97 10/19/97 10/21/97 10/23/97 10/25/97 10/27/97 10/29/97 10/31/97 11/2/97 11/4/97 11/6/97 11/8/97 11/10/97 11/12/97 11/14/97 11/16/97 11/18/97

Date

Pag° 1 of 1





I

I
I
I
1
I
I
I

I
I
I
I
I
I
I

<

I

MEMORANDUM___________________________________ CH2B/JHILL

Mixing Calculations for Groundwater Discharges into
the Columbia and Sandy Rivers
TO: Dawn Sanders/PDX

COPIES: Dennis Shelton/PDX
Ken Trotman/PDX

FROM: John Porcello/PDX

DATE: February 9,1998

Introduction
Groundwater from beneath the Reynolds Metals Company (RMC) facility in Troutdale,
Oregon, discharges into the Columbia and Sandy Rivers. Fluoride is expected to be the
primary site-related constituent discharged to the rivers because of its high solubility and its
documented presence in groundwater adjacent to the rivers.

A meeting was held on May 22,1997, .with U.S. Environmental Protection Agency (EPA)
and other resource trustees [Oregon Department of Environmental Quality (DEQ), U.S. Fish
and Wildlife]. On the basis of that meeting, a primary assessment endpoint was selected for
the rivers: survival and health of fingerling stages of anadromous and resident fish. To
assess the potential exposure concentrations in the rivers, calculations were completed to
estimate mixing factors and resulting fluoride concentrations under mixed conditions. If
constituents other than fluoride are detected in groundwater adjacent to the river, the
estimated mixing factors between groundwater and surface water can be used to evaluate
the in-stream concentrations.

Approach
The magnitude of the mixing factors between groundwater and surface water was
estimated from a hydraulic perspective. Four scenarios were evaluated. For scenario 1, the
mixing factors and the observed fluoride concentration distributions in groundwater
adjacent to the two rivers were used to estimate equivalent net concentrations in the two
rivers. This information will be used to support evaluations of whether the estimated
concentrations in the two rivers would pose concerns from an ecological risk perspective
(for aquatic organisms).

Mixing calculations were conducted for scenario 2 to estimate river concentrations that
would occur if future groundwater concentrations near the rivers rose to levels equal to the
maximum sitewide concentration of fluoride observed in the upper gray sand unit. This
scenario has a low likelihood of occurring because the maximum fluoride concentrations
measured near the river are approximately one-third of the sitewide maximum.
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Two other scenarios were evaluated to determine the conditions necessary to cause a
measurable increase in in-stream fluoride concentrations. These conditions are:

• The estimated groundwater concentrations that would be necessary to cause an increase
of 0.1 milligram per liter (mg/L) in fluoride concentrations in the rivers (scenario 3)

• The estimated percent of the 7Q10 river flow (the 7-day sustained low flow over a 10-
year period) for which the existing concentrations in groundwater would cause the net
river fluoride concentration to increase 0.1 mg/L (scenario 4)

The four scenarios are summarized as follows:

• Scenario 1. Analysis using measured groundwater concentrations adjacent to the two
rivers.

• Scenario 2. Analysis using sitewide maximum concentrations in the upper gray sand for
groundwater concentration values adjacent to the two rivers.

• Scenario 3. Back-calculation of the uniform groundwater concentration adjacent to the
Columbia River that would increase the net river concentration by 0.1 mg/L under
7Q10 conditions.

• Scenario 4. For each river, back-calculation of the largest percentage of the 7Q10 river
flow that would be required to increase the net river concentration by 0.1 mg/L.

The sections below describe the calculation methods, selection of the input parameters, and
results of the mixing calculations.

Calculation Steps
Analyses were conducted separately for the Sandy and Columbia Rivers. For each river, the
general approach consisted of:

1. Identifying the size of the mixing cell into which groundwater discharges in the
river. The size of the cell is based on (a) the cross-sectional area of the portion of the
river into which groundwater discharges and (b) the length of the river shoreline
adjacent to the RMC property.

2. Calculating the river flow rate through the mixing cell. The river flow rate through the
cell is the total river flow rate multiplied by the percentage of the river's cross-sectional
area that is occupied by the mixing cell. The mixing cells are shown in Figure 1 and are
based on the spacing of Geoprobes along the river. Each mixing cell is centered around
a former Geoprobe location, and the maximum fluoride concentration at each Geoprobe
was used as the representative concentration for that mixing cell (for scenario 1).

3. Calculating the groundwater flow rate into the mixing cell. The groundwater flow rate
is the Darcy flow rate, which equals the product of the hydraulic conductivity, the
hydraulic gradient, and the cross-sectional area of the aquifer through which flow
occurs.
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4. Calculating a mixing factor for groundwater discharging into surface water. The
calculation of the mixing factor (MF) is based on the following mixing relationship
between river and groundwater flows:

MF = (Qg + Qr) / Qg = I + (Qr / Qg)

where Qr is the river flow rate and Qg is the groundwater flow rate.

5. For analyses of the existing fluoride distribution (scenario 1), calculating an
equivalent uniform fluoride concentration in groundwater along the full length of
the river shoreline. This concentration is calculated from the Geoprobe concentration
data and the distances between the Geoprobe monitoring points. The fluoride con-
centration data that are used in the calculations are limited to measurements from the
upper gray sand unit. Scenario 1 calculations are based on the average fluoride
concentrations in groundwater measured in the upper 60 feet of each Geoprobe. To
evaluate the other three scenarios, the uniform concentrations along the entire shoreline
of each river are either assumed values or are back-calculated.

6. Calculating the mass loading rate of fluoride to the river. This value [in pounds/day
(lb/day)] is calculated from the uniform fluoride concentration [fluoride concentration
in groundwater (Cg), in mg/L] and the groundwater discharge rate [Qg, in cubic feet
per second (cfs)] as follows:

Loading Rate = Cg * Qg * CF

where CF is a conversion factor (equal to 6.24 x 10"5) from units of mg • ft3 / (L • sec) to
lb/day.

7. Calculating an equivalent uniform fluoride concentration in the river after mixing.
The calculated concentration in the river arising from groundwater discharge is
represented by Cnet, calculated using the following equation:

Cnet = [(Qr * Cr) + (Qg * Cg)]/ (Qr + Qg)

where Cnet is the concentration after mixing; Qr and Cr are the flow rate and ambient
concentration in the river, respectively; and Qg and Cg are the groundwater flow rate
and the fluoride concentration in groundwater, respectively.

When Cr = 0, this is equivalent to:

Cnet = Cg / MF

where Cg is the groundwater concentration, and MF is the mixing factor.

Parameter Selection
The principal parameters that required specification for this analysis were:

• River flow rates
• Percent of the total river flow within the mixing cell
• Hydraulic conductivity
• Hydraulic gradient
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• Thickness of aquifer zone containing fluoride
• Ambient fluoride concentration in each river
• Maximum sitewide fluoride concentration in groundwater

River Flow Rates and Proportion of River Flow in Mixing Cell
For each river, calculations were performed for three separate river flow rates, as follows:

• The 7Q10 flow, which is the 7-day sustained low flow that would be expected to
occur once every 10 years. The 7Q10 flow is often used as the critical river condition
during National Pollutant Discharge Elimination System (NPDES) evaluations. These
flows for the Columbia and Sandy Rivers have been obtained from:

- Stream gauge records for the Columbia River at The Dalles, Oregon (station
14105700) for the periods 1961-66 and 1984-94.

- Stream gauge records for the Sandy River below the Bull Run River (station
14142500) for the periods 1961-66 and 1984-94.

• The minimum monthly low flow. This is the average flow during the month of lowest
flow and was calculated from the same stream gauging records listed above.

• The mean annual flow. This is the average flow during the entire period of record and
was calculated from the same stream gauging records listed above.

The 7Q10, minimum monthly, and mean annual flows used for this analysis are conserva-
tive because they do not account for additional tributary flows entering the rivers between
the gauges and the RMC facility.

Calculations were also performed for three separate percentages of total river flow. The
selected percentages for each river were based on the minimum estimated cross-sectional
area for groundwater discharge, the maximum estimated area for groundwater discharge,
and an intermediate area.

• For the Columbia River, which fully penetrates the upper gray sand and the underlying
gravel, the sizes of the mixing cells (the cross-sectional areas of the river receiving
groundwater discharge) are estimated from the near-shore stratigraphy, river
bathymetry data, and the vertical distribution of fluoride at the Geoprobe locations. The
cross section (Figure 2) shows that the highest fluoride concentrations near the river are
in the upper gray sand unit (12.0 mg/L in Geoprobe GP03). The minimum size of the
mixing cell (approximately 20 percent of the river's cross-sectional area) assumes that
fluoride stays within the upper gray sand and moves strictly by horizontal flow to the
river (that is, fluoride does not migrate into the underlying gravel). The intermediate
size of the mixing cell (approximately 40 percent of the river's cross-sectional area)
assumes that a portion of the fluoride in the upper gray sand unit migrates into the
gravel before discharging into the river (see Figure 2). The maximum size of the mixing
cell is 50 percent of the river's cross-sectional area (not shown in Figure 2).

• A cross section of the near-shore stratigraphy and the Sandy River channel was not
developed due to a lack of bathymetric data for the Sandy River. Therefore, the
minimum, intermediate, and maximum sizes of the mixing cell in the river are based on
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conservative assumptions. Mixing cell sizes of 10,25, and 50 percent are selected based
on a conservative scenario in which the river fully penetrates the upper gray sand unit.
Under the fully penetrating scenario, it is assumed that fluoride in groundwater moves
horizontally to the Sandy River in the upper gray sand unit and could discharge into the
river through a relatively small portion of the riverbed (for example, 10 to 25 percent of
the riverbed). Under actual site conditions, the river partially penetrates the upper gray
sand, and groundwater from the RMC facility may discharge into the river through as
much as 50 percent of the riverbed. The flatter, shallower nature of the Sandy River
channel suggests that the percent of the riverbed through which groundwater
discharges is likely a close approximation to the percent of the river flow in that portion
of the channel. Therefore, the selected percentages of river flow available for mixing
with groundwater are also 10,25, and 50 percent.

Hydraulic Conductivity
A value of 190 feet/day is used for the hydraulic conductivity adjacent to both rivers. This
value is the highest value obtained for the upper gray sand from slug tests conducted on
monitoring wells located north of the U.S. Army Corps of Engineers dike [Aquifer Test
Results, RMC Troutdale Facility (CH2M HILL, technical memorandum in progress)]. The
use of a high value is conservative for the purposes of the mixing calculations because it
may over-predict actual loading rates of groundwater to the rivers. This value was the
average measured at well MW21-063 during three slug tests conducted on February 10,
1997. The relatively high value obtained at this well (compared with values obtained at
other wells) may be attributable to the well's screen placement into the top of the under-
lying intermediate aquifer, which is generally more permeable than the upper gray sand
unit.

Hydraulic Gradient
The hydraulic gradients adjacent to the two rivers were estimated from February 1997 water
level elevation contour maps for the upper gray sand unit. The hydraulic gradients near
both rivers were higher during February than during three other quarterly measurement
events conducted later in the year (May, August, and November), when the gradient was
flatter (or even directed into the site interior from the river). The use of the maximum
observed gradient is conservative for the purposes of calculating fluoride loading rates via
groundwater discharge into the rivers.

Thickness of Aquifer Containing Fluoride
The Geoprobe data indicate that the highest fluoride concentrations at specific locations are
present within a 10- to 20-foot thickness of the aquifer (see Figure 2). Because the mixing
zone calculations evaluate fluoride mass loading to the river, a 30-foot thickness was
assumed for the maximum concentrations. This thickness was assumed to be sufficient for
estimating the total mass present in the thinner zone of peak concentrations and the
vertically adjacent zones of lower concentrations.

Ambient Fluoride Concentration in Rivers
Fluoride has not been detected in either river (Table 1). To calculate the concentration in the
rivers on the basis of a given groundwater fluoride concentration, the river fluoride concen-
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TABLE 1
Summary of Background Fluoride Concentrations in the Columbia and Sandy Rivers

River

Columbia
Sandy

Minimum

0.5 U

0.1 U

Maximum

0.5 U

0.25 U

Number of Samples

5

3

U = undetected.
Source: Technical Memorandum DS No. 12: Background Data Summary for RMC-Troutdale (CH2M HILL,

Decembers, 1996).

Maximum Sitewide Fluoride in Groundwater
The RMC groundwater quality database was queried to determine the historical maximum
onsite fluoride concentration detected in an upper gray sand monitoring well. The
maximum onsite fluoride concentration to date is 35 mg/L, detected in monitoring well
MW34-038 in May 1997. Although higher concentrations have been detected in the deeper
monitoring wells, the focus on the upper gray sand wells was considered appropriate for
the following reasons:

• The small to nonexistent vertical hydraulic gradients observed in the sand units suggest
that groundwater flow to the rivers, near the site, is primarily horizontal.

• The Geoprobe investigation results indicate that the fluoride in groundwater adjacent to
the rivers, or nearest the discharge areas, is in the upper gray sand unit (the maximum
value near the rivers was 13 mg/L).

• Fluoride was not detected in the lower sand units adjacent to the rivers.

Calculations
The mixing calculations are presented in Attachments 1 through 4 for the following four
scenarios:

• Scenario 1. Analysis using measured groundwater concentrations adjacent to the two
rivers (Attachment 1). The average of the measured fluoride concentrations in the upper
60 feet of each Geoprobe is used as the groundwater fluoride concentration adjacent to
the river. Nondetect fluoride values in the Geoprobe were included in the average as
one-half the detection limit (0.25 mg/L detection limit).

• Scenario 2. Analysis using sitewide maximum concentrations in the upper gray sand for
groundwater concentration values adjacent to the two rivers (Attachment 2).

• Scenario 3. Back-calculation of the uniform groundwater concentration adjacent to the
Columbia River that would increase the net river concentration by 0.1 mg/L under
7Q10 conditions (Attachment 3).
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• Scenario 4. For each river, back-calculation of the largest percentage of the 7Q10 river
flow that would be required to increase the net river concentration by 0.1 mg/L
(Attachment 4).

Each scenario attachment presents general and scenario-specific input parameter values
(and the rationale for their selection) and the calculations for the mixing factor and net river
calculations for each river, as described below.

• Input Parameters: The general input parameters are the same for all scenarios and
include the river flow conditions, percent of the river available for mixing, hydraulic
conductivity, hydraulic gradient, and the assumed thickness of the contaminated zone.
The scenario-specific input parameters for each river include the maximum fluoride
concentrations at the Geoprobe locations along the shoreline (seven for the Columbia
River and ten for the Sandy River); calculation of an equivalent uniform groundwater
concentration along the full length of the shoreline from the Geoprobe data; and
calculation of the groundwater discharge rate to the river.

• Calculated Mixing Factor and Net River Concentrations for Each River: This includes
the calculations of mixing factors and net fluoride concentrations in the river for the
7Q10 river flow, the minimum month low flow (the average flow during the driest
month of the year), and the mean annual flow.

Results
The mixing calculation results are presented below for the Columbia and Sandy Rivers. The
results for each scenario are discussed separately for each river. The effect of groundwater
discharge to the adjacent river is best predicted by scenario 1, which uses measured fluoride
concentrations (the average over the upper 60 feet at each Geoprobe) in groundwater
adjacent to the river. The remaining scenarios look at more conservative conditions or back-
calculate conditions when there would be a measurable increase in in-stream fluoride.

Columbia River
Scenario 1
The predicted mixing factors for the Columbia River range from 34,000 to 188,000, depend-
ing on the in-stream flow conditions (Table 2). These mixing factors are conservative
because (a) the maximum hydraulic conductivity was used, and (b) the in-stream flow
gauge values used do not include tributary flows downstream of the gauges and upstream
of the RMC site. The actual mixing factors are expected to be greater than assumed in this
memo under the groundwater flow conditions used in the mixing calculations.
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TABLE 2
Estimated Mixing Factors for the Columbia River

Scenario 1. Analysis Using Measured Groundwater Concentrations Adjacent to the River

River Flow Condition

7Q10

Minimum Monthly

Mean Annual

Mixing Factor Based on Portion of River Flow Available for Mixing

20 Percent

34,000

46,000

75,000

40 Percent

67,000

92,000

150,000

• .50 Percent

84,000

115,000

188,000

The existing average fluoride concentration distribution along the river ranges from 0.18 to
4.94 mg/L. The results of the mixing calculations indicate that the existing groundwater
concentrations would cause an increase of less than 0.00005 mg/L in the net river
concentration (under 7Q10 flow conditions), an increase that is not detectable (Table 3).

TABLES
Estimated Fluoride Concentration in the Columbia River, Assuming No In-stream Fluoride
Scenario 1. Analysis Using Measured Groundwater Concentrations Adjacent to the River

River Flow
Condition

7Q10

Minimum Monthly

Mean Annual

Fluoride Concentration (mg/L) Based on Portion of River Flow Available for Mixing
20 Percent

0.00005

0.00004

0.00002

40 Percent

0.00003

0.00002

0.00001

50 Percent

0.00002

0.00002

0.00001

Scenario 2
The mixing factors for scenario 2 are the same as those for scenario 1 (Table 2); the only
difference between the scenarios is the use of a sitewide maximum fluoride concentration
rather than the actual measured fluoride concentrations in groundwater adjacent to the
river. The maximum observed sitewide concentration in the upper gray sand unit was
35 mg/L and represents a hypothetical concentration along the river.

On the basis of these assumptions, the sitewide maximum groundwater concentration
would cause an increase of less than 0.001 mg/L in the net river concentration (Table 4).
These predicted concentrations are slightly greater than those predicted using the existing
groundwater fluoride concentrations, but both are very small. Therefore, even if there were
temporal variation in fluoride concentrations in groundwater discharging to the Columbia
River up to the maximum ever detected in any sample from the site, there would not be a
measurable increase in in-stream fluoride concentrations.
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TABLE 4
Estimated Fluoride Concentration in the Columbia River

Scenario 2. Analysis Using Maximum Sitewide Groundwater Concentration in the Upper Gray Sand

River Flow
Condition

7Q10

Minimum Monthly

Mean Annual

Fluoride Concentration (mg/L) Based on Portion of River Flow Available for Mixing
20 Percent

0.001

0.0008

0.0005

40 Percent

0.0005

0.0004

0.0002

50 Percent

0.0004

0.0003

0.0002

This scenario assumes that the maximum concentration of 35 mg/L is discharged through
all cells along the river. In actuality, nearly 40 percent of the shoreline length has concen-
trations lower than 1 mg/L.

Scenario 3
The theoretical groundwater fluoride concentration was back-calculated to evaluate how
much fluoride would need to be discharged in groundwater for a measurable increase (that
is, greater than 0.1 mg/L) to be detected in-stream. This measurable increase value was
assumed because the detection limit for fluoride is typically between 0.1 and 0.5 mg/L.

The equivalent uniform fluoride concentration in groundwater near the shore would need
to rise to 3,360 mg/L under the most conservative conditions (7Q10 river flows and only
20 percent of the river used for mixing) for the in-stream concentration to increase by
0.1 mg/L. This is approximately 100 times greater than the maximum onsite groundwater
concentrations of 35 mg/L in the upper gray sand. The equivalent fluoride concentration
needed to cause a measurable increase during other, less conservative conditions would be
greater.

Scenario 4
Another way to look at the effect of groundwater discharge on the river is to back-calculate
the percent of river flow with which groundwater would need to mix in order to have a
measurable increase in the in-stream fluoride concentration (that is, 0.1 mg/L).

The zone of groundwater discharge into the river would need to be no larger than
0.01 percent of the total river flow to result in a 0.1 mg/L increase in the net river concen-
tration. In contrast, on the basis of site stratigraphic data and river bathymetry data, the
discharge zone is estimated to be 20 to 40 percent of the river's cross-section area.

Sandy River
Scenario 1
The predicted mixing factors for the Sandy River range from 90 to 4,400, depending on the
in-stream flow conditions (Table 5). These mixing factors are conservative because (a) the
maximum hydraulic conductivity was used, and (b) the in-stream flow gauge values used
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do not include tributary flows downstream of the gauges and upstream of the RMC site.
The actual mixing factors are expected to be greater under the calculated flow conditions.

TABLE 5
Estimated Mixing Factors for the Sandy River

Scenario 1. Analysis Using Measured Groundwater Concentrations Adjacent to the River

River Flow Condition

7Q10

Minimum Monthly

Mean Annual

Mixing Factor Based on Portion of River Flow Available for Mixing

10 Percent

90

200

870

25 Percent

220

490

2,200

50 Percent

450

990

4,400

The existing average fluoride concentration distribution along the Sandy River ranges from
0.125 to 3.11 mg/L. The results of the mixing calculations indicate that the existing
groundwater concentrations would cause an increase of 0.006 mg/L in the net river
concentration (under 7Q10 flow conditions), an increase that is not detectable (Table 6).

TABLES
Estimated Fluoride Concentration in the Sandy River

Scenario 1. Analysis Using Measured Groundwater Concentrations Adjacent to the River

River Flow
Condition

7Q10

Minimum Monthly

Mean Annual

Fluoride Concentration (mg/L) Based on Portion of River Flow Available for Mixing
1 0 Percent

0.006

0.003

0.0006

25 Percent

0.002

0.001

0.0002

50 Percent

0.001

0.0005

0.0001

Scenario 2
The mixing factors for Scenario 2 are the same as those for Scenario 1 (Table 5); the only
difference between the scenarios is the use of a sitewide maximum fluoride concentration
rather than the actual measured fluoride concentrations in groundwater adjacent to the
river. The maximum observed sitewide concentration in the upper gray sand unit was
35 mg/L and represents a hypothetical concentration along the river.

On the basis of these assumptions, the sitewide maximum groundwater concentration
would cause an increase of 6.4 to 0.008 mg/L in the net river concentration (Table 7). These
predicted concentrations are much greater than those predicted using the existing ground-
water fluoride concentrations. Because of the much lower flows in the Sandy River, there
could be a measurable increase in in-stream fluoride concentrations if there were a
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significant increase in fluoride concentrations in groundwater discharging to the Sandy
River during low-flow conditions. Such an increase is not expected because groundwater
quality variations of this magnitude have not been observed at the site after 4 years of
monitoring.

TABLE?
Estimated Fluoride Concentration in the Sandy River

Scenario 2. Analysis Using Maximum Sitewide Groundwater Concentration in the Upper Gray Sand

River Flow Condition

7Q10

Minimum Monthly

Mean Annual

Fluoride Concentration Based on Portion of River Flow Available for Mixing

10 Percent

0.39

0.18

0.04

25 Percent

0.16

0.071

0.016

50 Percent

0.078

0.035

0.008

Scenario 3
On the basis of Scenario 2 results for the Sandy River, Scenario 3 was not calculated.
Fluoride has not been detected in the Sandy River, but if the fluoride concentration in
groundwater along the river were to rise to the maximum observed sitewide concentration
in the upper gray sand unit (35 mg/L), then the net concentration in the river (under 7Q10
river flow conditions) would likely rise to a detectable level (that is, greater than 0.1 mg/L).

Scenario 4
For the existing fluoride concentration distribution in groundwater along the river (the
average concentration over the upper 60 feet at each Geoprobe), the net concentration in the
river (under 7Q10 river flow conditions) would rise to a detectable in-stream concentration
(that is, greater than 0.1 mg/L) if the mixing zone for groundwater discharges were less
than 0.45 percent of the total river flow. This river flow would correlate to a very narrow
width of the Sandy River streambed. A narrow groundwater discharge zone is not
anticipated in a partially penetrating stream because vertical gradients would likely exist in
the aquifer both adjacent to and directly beneath the river. The vertical gradients would
induce groundwater discharge through both the near-shore and in-stream portions of the
riverbed.

Summary
The magnitude of the groundwater/surface water mixing factors depends on groundwater
and surface water flows. For 7Q10 flow conditions in the Columbia River, the mixing factor
ranges between about 34,000 and 84,000. For the Sandy River, the mixing factor under a
7Q10 flow ranges from 90 to 450. The mixing factors increase for higher river flow rates and
higher percentages of the river flow that are available for mixing. These mixing factors can
be used to estimate the concentrations of constituents discharging into the rivers. This
memorandum addresses only net fluoride concentrations. If additional constituents of
concern are detected in groundwater, this approach can be used as well.
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Using the average measured groundwater data adjacent to the rivers, the predicted increase
in the in-stream fluoride concentrations is predicted to be extremely low (a maximum
concentration of 0.00005 mg/L in the Columbia River and 0.006 mg/L in the Sandy River).
On the basis of predicted concentrations, it is not expected that fluoride will be detected in
the rivers because these concentrations are below standard analytical detection limits.
In-stream measurements adjacent to the site confirm these calculated predictions: Fluoride
has not been detected in the rivers.

The concentrations in the rivers were calculated that would occur if future groundwater
concentrations near the rivers rose to levels equal to the maximum concentrations of
fluoride observed in the upper gray sand unit elsewhere on the site. Using the sitewide
maximum groundwater fluoride concentration detected in the upper gray sand (35 mg/L),
the increase in in-stream concentrations in the Columbia River would be less than 0.008
mg/L. Therefore, even if there were some variability in groundwater concentrations, this
could not be detected in the Columbia River. In fact, it was estimated that groundwater
fluoride concentrations would need to be greater than 3,000 mg/L to cause a measurable
increase in the Columbia River.

In contrast, the increase in the Sandy River would be detectable (greater than 0.1 mg/L) if
all the groundwater discharging to the river were at a concentration of 35 mg/L. This
scenario is not likely, based on the existing distribution of fluoride in groundwater adjacent
to the Sandy River; only one groundwater cell had a concentration greater than 1 mg/L.

The other way a detectable increase could occur is if the zone of discharge beneath the river
were very small (that is, a small percent of river flow). To achieve a measurable in-stream
fluoride concentration, the mixing calculations predict a substantially smaller zone for both
rivers than is estimated from geologic data.

For the existing average fluoride concentration distributions in groundwater adjacent to the
two rivers, the mass loading rates of fluoride from groundwater discharges are estimated to
be 4.4 Ib/day to the Columbia River and 0.7 Ib/day to the Sandy River. These loading rates
would rise to about 86 Ib/day and 45 Ib/day (respectively) if groundwater concentrations
adjacent to the river rose to the maximum onsite concentration observed in the upper gray
sand unit (35 mg/L). These calculated loading rates are conservatively high estimates of
actual and future potential loading because they are based on:

• The seasonally highest observed hydraulic gradients in the upper gray sand

• The highest hydraulic conductivity values measured in this unit

• River flow gauges far upstream of the RMC site (flows do not include tributary flows
between the gauges and the RMC site)
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Table 1-1
Input Values for the Columbia River

Scenario 1. Analysis Using Measured Groundwater Concentrations Adjacent to the Rivers

General Input Values
7Q10Flow(cfs)
Minimum Monthly Mean Flow (cfs)
Mean Annual Flow (cfs)
Minimum % River Flow Available for Mixing
Intermediate % River Flow Available for Mixing
Maximum % River Flow Available for Mixing
Hydraulic Conductivity (ft/day)
Hydraulic Gradient (ft/ft)
Thickness of Contaminated Zone (ft)

76,880
105,544
171,624

20%
40%
50%
189

0.002
30

Gauge 14105700. Period of record 1961-1966 and 1984-1994.
Gauge 14105700. Period of record 1961-1966 and 1984-1994. Minimum month is September.
Gauge 141 05700. Period of record 1 961 -1 966 and 1 984-1 994.
Mixing zone for groundwater discharge from the SW geologic unit (based on geologic cross section).
Mixing zone for groundwater discharge from the SW and GW geologic units (based on geologic cross section).
Corresponds to mixing zone extending from the southern shore to the state line.
Based on slug test results at MW-21-063.
Highest measured in upper gray sand is 0.0017 (February 1997).
Estimated thickness that accounts for all total mass.

Scenario-Specific Input Values
Groundwater Cell Length and Fluoride Concentrations

Station
GP01
GP02
GP03
GP04
GP05
GP06
GP07
Sitewide Equivalent

Shoreline
Length (ft)

350
665
630
535
480
450
375

3485

Percentage of Total
Shoreline Length

10%
19%
18%
15%
14%
13%
11%

100%

Vertical Average (mg/L)
1.24
3.09

12
13

0.77
0.48
0.64
5.1

Background Concentration in Columbia River (mg/L) 0

Calculation of Ambient Groundwater Flow Rate to Shoreline
Hydraulic conductivity (ft/day)
Hydraulic gradient (ft/ft)
Darcy groundwater flow velocity (ft/day)
Source width transverse to groundwater flow direction (ft)
Aquifer thickness (ft)
Total groundwater flux ft3/day)
Fluorido loading rate to river
Fluoride loading rate to river (Ib/day)

189
0.002
0.378
3485

30

39520
5.704
12.58
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Table 1-2
Calculated Mixing Factors and Net River Concentrations for the Columbia River

Scenario 1. Analysis Using Measured Groundwater Concentrations Adjacent to the Rivers

Calculation of Mixing Factor for Groundwater Discharging into 7Q10 River Flow
Parameter || Win % of River Flow
7Q10 Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ft°/day)

76,880
20%

15,376
1,328,486,400

39,520
Mixing Factor (River / Groundwater) || 33,617
Increase in Fluoride Concentration in River (mg/L) || 0.00015

Int % of River Flow
76,880
40%

30,752
2,656,972,800

39,520
67,232

Max % of River Flow
76,880
50%

38,440
3,321,216,000

39,520
84,040

0.00008 | 0.00006

Calculation of Mixing Factor for Groundwater Discharging into Minimum Monthly River Flow
Parameter || Min % of River Flow | Int % of River Flow | Max % of River Flow
Minimum Monthly Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ftd/day)

105,544
20%

21,109
1,823,800,320

39,520
Mixing Factor (River /Groundwater) || 46,150
Increase in Fluoride Concentration in River (mg/L) |j 0.00011

105,544
40%

42,218
3,647,600,640

39,520
92,299
0.00006

105,544
50%

52,772
4,559,500,800

39,520
115,373
0.00004

Calculation of Mixing Factor for Groundwater Discharging into Mean Annual River Flow
Parameter ' _j[ Min % of River Flow
Mean Annual Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (fta/day)

171,624
20%

34,325
2,965,662,720

39,520
Mixing Factor (River /Groundwater) _J| 75,043
Increase in Fluoride Concentration in River (mg/L) || 0.00007

Int % of River Flow
171,624

40%
68,650

5,931,325,440
39,520
150,085
0.00003

Max % of River Flow
171,624

50%
85,812

7,414,156,800
39,520
187,606
0.00003
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TableT-3
Input Values for the Sandy River

Scenario 1. Analysis Using Measured Groundwater Concentrations Adjacent to the Rivers

General Input Values
7Q10Flow(cfs)
Minimum Monthly Mean Flow (cfs)
Mean Annual Flow (cfs)
Minimum % River Flow Available for Mixing
Intermediate % River Flow Available for Mixing
Maximum % River Flow Available for Mixing
Hydraulic Conductivity (ft/day)
Hydraulic Gradient (ft/ft)
Thickness of Contaminated Zone (ft)

214
474

2,096
10%
25%
50%
189

0.001
30

Gauge 14142500. Period of record 1961-1966 and 1984-1994.
Gauge 14142500. Period of record 1961-1966 and 1984-1994. Minimum month is August.
Gauge 14142500. Period of record 1961-1966 and 1984-1994.
Minimum assumed discharge zone for river that partially penetrates the upper gray sand unit.
Intermediate value.
Maximum assumed discharge zone for river that partially penetrates the upper gray sand unit.
Assumed same as for sands adjacent to Columbia River.
Highest measured in upper gray sand is 0.0008 (February 1997).
Estimated thickness that accounts for all total mass.

Scenario-Specific Input Values
Groundwater Cell Length and Fluoride Concentrations

Station
GP08
GP09
GP10
GP11
GP12
GP13
GP14
GP15
GP16
GP36
Sitewide Equivalent

Shoreline
Length (ft)

365
500
490
450
400
410
375
275
275
125

3665

Percentage of Total
Shoreline Length

10%
14%
13%
12%
11%
11%
10%
8%
8%
3%

100%

Background Concentration in Sandy River (mg/L)

Vertical Average
(mg/L)

0.29
0.35
0.27
4.36

0.125
0.125
0.125
0.125
0.195

0.3
0.7

0

Calculation of Ambient Groundwater Flow Rate to Shoreline
Hydraulic conductivity (ft/day)
Hydraulic gradient (ft/ft)
Darcy groundwater flow velocity (ft/day)
Source width transverse to groundwater flow direction (ft)
Aquifer thickness (ft)
Total groundwater flux (fP/day)
:luoride loading rate to river (kilograms/day)
Fluoride loading rate to river (Ib/day)

189
0.001
0.189
3,665

30
20,780

0.412
0.91



Table 1-4
Calculated Mixing Factors and Net River Concentrations for the Sandy River

Scenario 1. Analysis Using Measured Groundwater Concentrations Adjacent to the Rivers

Calculation of Mixing Factor for Groundwater Discharging into 7Q10 River Flow
Parameter || Min % of River Flow
7Q10 Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ffVday)

214
10%
21

1,848,960
20,780

Mixing Factor (River / Groundwater) |[ 90
Increase in Fluoride Concentration in River (mg/L) jj 0.008

Int % of River Flow
214
25%
54

4,622,400
20,780

223
0.003

Max % of River Flow
214
50%
107

9,244,800
20,780

446
0.002

Calculation of Mixing Factor for Groundwater Discharging into Minimum Monthly River Flow
Parameter || Min % of River Flow
Minimum Monthly Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ft3/day)

474
10%
47

4,095,360
20,780

Mixing Factor (River / Groundwater) || 198
Increase in Fluoride Concentration in River (mg/L) || 0.004

Int % of River Flow
474
25%
119

10,238,400
20,780

494
0.001

Max % of River Flow
474
50%
237

20,476,800
20,780

986
0.0007

Calculation of Mixing Factor for Groundwater Discharging into Mean Annual River Flow
Parameter || Min % of River Flow
Mean Annual Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ft3/day)

2,096
10%
210

18,109,440
20,780

Mixing Factor (River / Groundwater) || 872
Increase in Fluoride Concentration in River (mg/L) || 0.0008

Int % of River Flow
2,096
25%
524

45,273,600
20,780
2,180

0.0003

Max % of River Flow
2,096
50%
1,048

90,547,200
20,780
4,358
0.0002

Pdx17be8.xls 2/27/98



• > - ? . ; • & : . : ; . ; v .
v ' ' . : . ; : ' 4 • ; • ; ' ",•"! • '

•V-,,.?,•' H- ''i'*^ ><«'',"' ! 'tt- ii f•''•'• ' ' ' • • ' ' * ! ' ''•«

l̂ tISllftv'31'S

, . ,
*•• S» '̂jî tfe l̂̂ '̂ t̂ ^^
Siv I



Input Values for the Columbia River
Scenario 2. Analysis Using Maximum Sitewide Groundwater Concentration in the Upper Gray Sand

General Input Values
7Q10Flow(cfs)
Minimum Monthly Mean Flow (cfs)
Mean Annual Flow (cfs)
Minimum % River Flow Available for Mixing
Intermediate % River Flow Available for Mixing
Maximum % River Flow Available for Mixing
Hydraulic Conductivity (ft/day)
Hydraulic Gradient (ft/ft)
Thickness of Contaminated Zone (ft)

76,880
105,544
171,624

20%
40%
50%
189

0.002
30

Gauge 14105700. Period of record 1961-1966 and 1984-1994.
Gauge 14105700. Period of record 1961-1966 and 1984-1994. Minimum month is September.
Gauge 14105700. Period of record 1961-1966 and 1984-1994. .
Mixing zone for groundwater discharge from the SW geologic unit (based on geologic cross section).
Mixing zone for groundwater discharge from the SW and GW geologic units (based on geologic cross section).
Corresponds to mixing zone extending from the southern shore to the state line.
Based on slug test results at MW-21-063.
Highest measured in upper gray sand is 0.0017 (February 1997).
Estimated thickness that accounts for all total mass.

Scenario-Specific Input Values
Groundwater Cell Length and Fluoride Concentrations

Station
GP01
GP02
GP03
GP04
GP05
GP06
GP07
Assumed Sitewide Equivalent
(Assumes maximum sitewide
groundwater concentration)

Shoreline
Length (ft)

350
665
630
535
480
450
375

3485

Percentage of
Total Shoreline

Length
10%
19%
18%
15%
14%
13%
11%

100%

Assumed
Concentration (mg/L)

35
35
35
35
35
35
35

35

Background Concentration in Columbia River (mg/L) 0

Calculation of Ambient Groundwater Flow Rate to Shoreline
Hydraulic conductivity (ft/day)
Hydraulic gradient (ft/ft)
Darcy groundwater flow velocity (ft/day)
Source width transverse to groundwater flow direction (ft)
Aquifer thickness (ft)
Total groundwater flux (ffVday)
Fluoride loading rate to river (kilograms/day)
Fluoride loading rate to river (Ib/day)

189
0.002
0.378
3485

30
39,520
39.145

86.31



Table 2-2
Calculated Mixing Factors and Net River Concentrations for the Columbia River

Scenario 2. Analysis Using Maximum Sitewide Groundwater Concentration in the Upper Gray Sand

Calculation of Mixing Factor for Groundwater Discharging into 7Q10 River Flow
Parameter || Min % of River Row
7Q 1 0 Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ff/day)

76,880
20%

15,376
1,328,486,400

39,520
Mixing Factor (River /Groundwater) || 33,617
Increase in Fluoride Concentration in River (mg/L) || 0.001

Int % of River Flow
76,880
40%

30,752
2,656,972,800

39,520
67,232
0.0005

Max % of River Flow
76,880

50%
38,440

3,321,216,000
39,520
84,040
0.0004

Calculation of Mixing Factor for Groundwater Discharging into Minimum Monthly River Flow
Parameter || Min % of River Flow
Minimum Monthly Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (fta/day)

105,544
20%

21,109
1,823,800,320

39,520
Mixing Factor (River /Groundwater) || 46,150
Increase in Fluoride Concentration in River (mg/L) || 0.0008

Int % of River Flow
105,544

40%
42,218

3,647,600,640
39,520
92,299
0.0004

Max % of River Flow
105,544

50%
52,772

4,559,500,800
39,520
115,373
0.0003

Calculation of Mixing Factor for Groundwater Discharging into Mean Annual River Flow
Parameter || Min % of River Flow
Mean Annual Flow In Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ffVday)

171,624
20%

34,325
2,965,662,720

39,520
Mixing Factor (River /Groundwater) j 75,043
Increase in Fluoride Concentration in River (mg/L) || 0.0005

Int % of River Flow
171,624

40%
68,650

5,931,325,440
39,520
150,085
0.0002

Max % of River Flow
171,624

50%
85,812

7,414,156,800
39,520
187,606
0.0002
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Input Values for the Sandy River
Scenario 2. Analysis Using Maximum Sitewide Groundwater Concentration in the Upper Gray Sand

General Input Values
7Q10FIow(cfs)
Minimum Monthly Mean Flow (cfs)
Mean Annual Flow (cfs)
Minimum % River Flow Available for Mixing
Intermediate % River Flow Available for Mixing
Maximum % River Flow Available for Mixing
Hydraulic Conductivity (ft/day)
Hydraulic Gradient (ft/ft)
Thickness of Contaminated Zone (ft)

214
474

2,096
10%
25%
50%
189

0.001
30

Gauge 14142500. Period of record 1961-1966 and 1984-1994.
Gauge 14142500. Period of record 1961-1966 and 1984-1994. Minimum month is August.
Gauge 14142500. Period of record 1961-1966 and 1984-1994.
Minimum assumed discharge zone for river that partially penetrates the upper gray sand unit.
Intermediate value.
Maximum assumed discharge zone for river that partially penetrates the upper gray sand unit.
Assumed same as for sands adjacent to Columbia River.
Highest measured in upper gray sand is 0.0008 (February 1997).
Estimated thickness that accounts for all total mass.

Scenario-Specific Input Values
Groundwater Cell Length and Fluoride Concentrations

Station
GP08
GP09
GP10
GP11
GP12
GP13
GP14
GP15
GP16
GP36
Assumed Sitewide Equivalent
(Assumes maximum sitewide
groundwater concentration)

Shoreline
Length (ft)

365
500j
490
450
400
410
375
275
275
125

3665

Percentage of Total
Shoreline Length

10%
14%
13%
12%
11%
11%
10%
8%
8%
3%

100%

Background Concentration in Sandy River (mg/L)

Assumed
Concentration (mg/L)

35
35
35
35
35
35
35
35
35
35

35

0

Calculation of Ambient Groundwater Flow Rate to Shoreline
Hydraulic conductivjtyjft/day)
fydraulic gradient (ft/ft)
Darcy groundwater flow velocity (ft/day)
Source width transverse to groundwater flow direction (ft)
Aquifer thickness (ft)
Total groundwater flux (ftVday)
Fluoride loading rate to river (kilograms/day)
Fluoride loading rate to river (Ib/day)

189
0.001
0.189
3,665

30
20,780
20.583
45.39
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le2-<Table 2-4
Calculated Mixing Factors and Net River Concentrations for the Sandy River

Scenario 2. Analysis Using Maximum Sitewide Groundwater Concentration in the Upper Gray Sand

Calculation of Mixing Factor for Groundwater Discharging into 7Q10 River Flow
Parameter || Min % of River Flow
7Q10 Flow in Columbia River (cfs)
3ortion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ftj/day)

214
10%
21

1,848,960
20,780

Mixing Factor (River/ Groundwater) || 90
Increase in Fluoride Concentration in River (mg/L) || 0.389

Int % of River Flow
214
25%
54

4,622,400
20,780

223
0.157

Max % of River Flow
214
50%
107

9,244,800
20,780

446
0.078

Calculation of Mixing Factor for Groundwater Discharging into Minimum Monthly River Flow
Parameter || Min % of River Flow | Int % of River Flow
Minimum Monthly Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (fta/day)

474
10%
47

4,095,360
20,780

Mixing Factor (River /Groundwater) || 198
Increase in Fluoride Concentration in River (mg/L) || 0.177

474
25%
119

10,238,400
20,780

494
0.071

Max % of River Flow
474
50%
237

20,476,800
20,780

986
0.035

Calculation of Mixing Factor for Groundwater Discharging into Mean Annual River Flow
Parameter || Min % of River Flow | Int % of River Flow
Mean Annual Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (fta/day)

2,096
10%
210

18,109,440
20,780

Mixing Factor (River /Groundwater) || 872

2,096
25%
524

45,273,600
20,780
2,180

Increase in Fluoride Concentration in River (mg/L) || 0.040 | 0.016

Max % of River Flow
2,096
50%
1,048

90,547,200
20,780
4,358
0.008
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Tabl
Input Values for the Columbia River

Scenario 3. Back-Calculation of Fluoride Groundwater Concentration Causing a Measurable In-Stream Increase

General Input Values
7Q10Row(cfs)
Minimum Monthly Mean Flow (cfs)
Mean Annual Flow (cfs)
Minimum % River Flow Available for Mixing
Intermediate % River Flow Available for Mixing
Maximum % River Flow Available for Mixing
Hydraulic Conductivity (ft/day)
Hydraulic Gradient (ft/ft)
Thickness of Contaminated Zone (ft)

76,880
105,544
171,624

20%
40%
50%
189

0.002
30

Gauge 14105700. Period of record 1961-1966 and 1984-1994.
Gauge 14105700. Period of record 1961-1966 and 1984-1994. Minimum month is September.
Gauge 14105700. Period of record 1961-1966 and 1984-1994.
Mixing zone for groundwater discharge from the SW geologic unit (based on geologic cross section).
Mixing zone for groundwater discharge from the SW and GW geologic units (based on geologic cross section).
Corresponds to mixing zone extending from the southern shore to the state line.
Based on slug test results at MW-21 -063.
Highest measured in upper gray sand is 0.0017 (February 1997).
Estimated thickness that accounts for all total mass.

Scenario-Specific Input Values
Groundwater Cell Length and Fluoride Concentrations

Station
GP01
GP02
GP03
GP04
GP05
GP06
GP07
Back-Calculated Sitewide Equivalent
(Value back-calculated based on in-
stream increase of 0.1 mg/L under
7Q10 conditions and 20% of river flow
available for mixing)

Shoreline
Length (ft)

350
665
630
535
480
450
375

3485

Percentage of
Total Shoreline

Length
10%
19%
18%
15%
14%
13%
11%

100%

Back-Calculated
Concentration (mg/L)

3,362

Background Concentration in Columbia River (mg/L) 0
Calculation of Ambient Groundwater Flow Rate to Shoreline
Hydraulic conductivity (ft/day)
Hydraulic gradient (ft/ft)
Darcy groundwater flow velocity (ft/day)
Source width transverse to groundwater flow direction (ft)
Aquifer thickness (ft)
Total groundwater flux (fta/day)
Fluoride loading rate to river (kilograms/day)
Fluoride loading rate to river (Ib/day)

189
0.002
0.378
3485

30
39,520
3,760
8,291



Table 3-2
Calculated Mixing Factors and Net River Concentrations for the Columbia River

Scenario 3. Back-Calculation of Fluoride Groundwater Concentration Causing a Measurable In-Stream Increase

Calculation of Mixing Factor for Groundwater Discharging into 7Q10 River Flow
Parameter || Min % of River Flow
7Q10 Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ffVday)

76,880
20%

15,376
1,328,486,400

39,520
Mixing Factor (River /Groundwater) || 33,617
Increase in Fluoride Concentration in River (mg/L) || 0.100

Int % of River Flow
76,880
40%

30,752
2,656,972,800

39,520
67,232
0.050

Max % of River Flow
76,880
50%

38,440
3,321,216,000

39,520
84,040
0.040

Calculation of Mixing Factor for Groundwater Discharging into Minimum Monthly River Flow
Parameter || Min % of River Flow
Minimum Monthly Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (fta/day)

105,544
20%

21,109
1,823,800,320

39,520
Mixing Factor (River /Groundwater) || 46,150
Increase in Fluoride Concentration in River (mg/L) || 0.073

Int % of River Flow
105,544

40%
42,218

3,647,600,640
39,520
92,299
0.036

Max % of River Flow
105,544

50%
52,772

4,559,500,800
39,520
115,373
0.029

Calculation of Mixing Factor for Groundwater Discharging into Mean Annual River Flow
Parameter ' || Min % of River Flow
Mean Annual Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ff/day)

171,624
20%

34,325
2,965,662,720

39,520
Mixing Factor (River /Groundwater) || 75,043
Increase in Fluoride Concentration in River (mg/L) || 0.045

Int % of River Flow
171,624

40%
68,650

5,931,325,440
39,520
150,085
0.022

Max % of River Flow
171,624

50%
85,812

7,414,156,800
39,520
187,606
0.018

Pdx17bea.xls 2/27/98
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TablW-1
Input Values for the Columbia River

Scenario 4. Back-Calculation of Percent River Flow Causing a Measurable In-Stream Increase

General Input Values
7Q10Flow(cfs)
Minimum Monthly Mean Flow (cfs)
Mean Annual Flow (cfs)
Minimum % River Flow Available for Mixing

Intermediate % River Flow Available for Mixing
Maximum % River Flow Available for Mixing
Hydraulic Conductivity (ft/day)
Hydraulic Gradient (ft/ft)
Thickness of Contaminated Zone (ft)

76,880
105,544
171,624
0.03%

0%
0%
189

0.002
30

Gauge 14105700. Period of record 1961-1966 and 1984-1994.
Gauge 14105700. Period of record 1961-1966 and 1984-1994. Minimum month is September.
Gauge 14105700. Period of record 1961-1966 and 1984-1994.
Minimum discharge zone for met concentration under 7Q1 0 flow to be 0.1 mg/L > than the method
detection limit.
Mixing zone for groundwater discharge from the SW and GW geologic units (based on geologic cross section).
Corresponds to mixing zone extending from the southern shore to the state line.
Based on slug test results at MW-21-063.
Highest measured in upper gray sand is 0.0017 (February 1997).
Estimated thickness that accounts for all total mass.

Scenario-Specific Input Values
Groundwater Cell Length and Fluoride Concentrations

Station
GP01
GP02
GP03
GP04
GP05
GP06
GP07
Sitewide Equivalent

Shoreline
Length (ft)

350
665
630
535
480
450
375

3485

Percentage of Total
Shoreline Length

10%
19%
18%
15%
14%
13%
11%

100%

Vertical Average (mg/L]
1.24
3.09

12
13

0.77
0.48
0.64
5.1

Background Concentration in Columbia River (mg/L| 0

Calculation of Ambient Groundwater Flow Rate to Shoreline
Hydraulic conductivity (ft/day)
Hydraulic gradient (ft/ft)
Darcy groundwater flow velocity (ft/day)
Source width transverse to groundwater flow direction (ft)
Aquifer thickness (ft)
Total groundwater flux (ffVday)
Fluoride loading rate to river (kilograms/day)
Fluoride loading rate to river (Ib/day)

189
0.002
0.378
3485

30
39,520
5.704

12.580



Table 4-2
Calculated Mixing Factors and Net River Concentrations for the Columbia River

Scenario 4. Back-Calculation of Percent River Flow Causing a Measurable In-Stream Increase

Calculation of Mixing Factor for Groundwater Discharging into 7Q10 River Flow
Parameter || Min % of River Flow
7Q10 Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ff/day)

76,880
0.03%

21
1,781,928

39,520
Mixing Factor (River /Groundwater) || 46
Fluoride Concentration in River (mg/L) || 0.111

Int % of River Flow
76,880
0.03%

23
1,978,433

39,520
51

0.0999

Max % of River Flow
76,880
0.03%

23
1,977,717

39,520
51

0.0999

Calculation of Mixing Factor for Groundwater Discharging into Minimum Monthly River Flow
Parameter || Min % of River Flow
Minimum Monthly Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ft3/day)

105,544
0.03%

28
2,446,304

39,520
Mixing Factor (River /Groundwater) || 63
Fluoride Concentration in River (mg/L) || 0.081

Int % of River Flow
105,544
0.03%

31
2,716,074

39,520
70

0.0731

Max % of River Flow
105,544
0.03%

31
2,715,091

39,520
70

0.07317

Calculation of Mixing Factor for Groundwater Discharging into Mean Annual River Flow
Parameter || Min % of River Flow
Mean Annual Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (fta/day)

171,624
0.03%

46
3,977,909

39,520
Mixing Factor (River /Groundwater) || 102
Fluoride Concentration in River (mg/L) || 0.050

Int % of River Flow
171,624
0.03%

51
4,416,579

39,520
113

0.04523

Max % of River Flow
171,624
0.03%

51
4,414,981

39,520
113

0.04525

Pdx17beb.xls 2/27/98
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TabW--3
Input Values for the Sandy River

Scenario 4. Analysis Using Measured Groundwater Concentrations Adjacent to the Rivers

General Input Values
7Q10F!ow(cfs)
Minimum Monthly Mean Flow (cfs)
Mean Annual Flow (cfs)
Minimum % River Flow Available for Mixing

Intermediate % River Flow Available for Mixing
Maximum % River Flow Available for Mixing
Hydraulic Conductivity (ft/day)
Hydraulic Gradient (ft/ft)
Thickness of Contaminated Zone (ft)

214
474

2,096
0.67%

0.67%
0.67%

189
0.001

30

Gauge 14142500. Period of record 1961-1966 and 1984-1994.
Gauge 14142500. Period of record 1961-1966 and 1984-1994. Minimum month Is August.
Gauge 14142500. Period of record 1961 -1966 and 1984-1994.
Minimum discharge zone for net concentration under 7Q10 flow to be 0.1 mg/L>than the method
detection limit.
Intermediate value.
Maximum assumed discharge zone for river that partially penetrates the upper gray sand unit.
Assumed same as for sands adjacent to Columbia River.
Highest measured in upper gray sand is 0.0008 (February 1997).
Estimated thickness that accounts for all total mass.

Scenario-Specific Input Values
Groundwater Cell Length and Fluoride Concentrations

Station
GP08
GP09
GP10
GP11
GP12
GP13
GP14
GP15
GP16
GP36
Sitewide Equivalent

Shoreline
Length (ft)

365
500
490
450
400
410
375
275
275
125

3665

Percentage of Total
Shoreline Length

10%
14%
13%
12%
11%
11%
10%
8%
8%
3%

100%

Vertical Average
(mg/L)

0.29
0.35
0.27
4.36

0.125
0.125
0.125
0.125
0.195

0.3
0.7

Background Concentration in Sandy River (mg/L) 0

Calculation of Ambient Groundwater Flow Rate to Shoreline
Hydraulic conductivity (ft/day)
Hydraulic gradient (ft/ft)
Darcy groundwater flow velocity (ft/day)
Source width transverse to groundwater flow direction (ft)
Aquifer thickness (ft)
Total groundwater flux (ft3/day)
Fluoride loading rate to river (kilograms/day)
Fluoride loading rate to river (Ib/day)

189
0.001
0.189
3665

30
20,780

0.412
0.91



Table 4-4
Calculated Mixing Factors and Net River Concentrations for the Sandy River

Scenario 4. Back-Calculation of Percent River Flow Causing a Measurable In-Stream Increase

Calculation of Mixing Factor for Groundwater Discharging into 7Q10 River Flow
Parameter || Min % of River Flow
7Q10 Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (ff/day)

214
0.67%

1
124,577
20,780

Mixing Factor (River /Groundwater) || 7
Increase in Fluoride Concentration in River (mg/L) || 0.100

Int % of River Flow
214

0.67%
1

124,557
20,780

7
0.100

Max % of River Flow
214-

0.67%
1

124,557
20,780

7
0.100

Calculation of Mixing Factor for Groundwater Discharging into Minimum Monthly River Flow
Parameter || Min % of River Flow
Minimum Monthly Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (fta/day)

474
0.67%

3
275,931
20,780

Mixing Factor (River /Groundwater) || 14
Increase in Fluoride Concentration in River (mg/L) || 0.049

Int % of River Flow
474

0.67%
3

275,888
20,780

14
0.049

Max % of River Flow
474

0.67%
3

275,888
20,780

14
0.049

Calculation of Mixing Factor for Groundwater Discharging into Mean Annual River Flow
Parameter • || Min % of River Flow
Mean Annual Flow in Columbia River (cfs)
Portion of River Flow Available for Mixing
Estimated River Flow for Mixing (cfs)
Estimated River Flow for Mixing (ft3/day)
Estimated Groundwater Flow Rate Beneath Site (fta/day)

2,096
0.67%

14
1,220,151

20,780
Mixing Factor (River / Groundwater) || 60
Increase in Fluoride Concentration in River (mg/L) || 0.012

Int % of River Flow
2,096
0.67%

14
1,219,962

20,780
60

0.012

Max % of River Flow
2,096
0.67%

14
1,219,962

20,780
60

0.012
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MEMORANDUM_______________________________________CH2MH1LL

Groundwater/Surf ace Water Interaction at
Salmon Creek

Reynolds Metals Company, Troutdale, Oregon
TO: Steve Shaw/RMC

Mike Leach/RMC

COPIES: Dawn Sanders/CH2M HILL-PDX
Ken Trotman/CH2M HILL-SEA

FROM: TaylorGehweiler/CH2M HILL-PDX

DATE: February 12,1998

Introduction
This memorandum summarizes the information available on the interaction between
Salmon Creek and groundwater at the Reynolds Metals Company (RMC) site in Troutdale,
Oregon. An understanding of the surface water/groundwater relationship at the site
provides information useful in interpreting site characterization data and in assessing
remediation alternatives in the feasibility study. Specifically, this investigation focused on
determining if groundwater is discharging into Salmon Creek and assessing the potential
constituent contribution from groundwater to the creek.

On the basis of the fluoride distribution in the shallow silt unit east of Salmon Creek and
the westerly component of groundwater flow in the southwest portion of the site, this
investigation focused on the reach of Salmon Creek from Graham Road to the southeast
corner of Fairview Farms. It is unlikely that the reach of Salmon Creek west of Sundial Road
is affected by fluoride in groundwater; the August 1997 fluoride distribution shows the
presence of fluoride only in or near the northeast corner of Fairview Farms in the upper
gray sand (UGS) and intermediate sand units. The groundwater flow direction in this area
of Fairview Farms is to the north away from Salmon Creek. In addition, fluoride has not
been detected beyond the western boundary of the plant site (Sundial Road) in the
southwest portion of the site near the creek.

For a more detailed description of hydrostratigraphic units (for example, shallow silt, upper
gray sand) refer to Technical Memorandum No. GW-10: February 1997 Quarterly Groundwater
Monitoring Results (CH2M HILL, June 23,1997).

Approach
A three-step approach was used to evaluate the potential effect of groundwater on Salmon
Creek.

First, groundwater elevations in nearby monitoring wells were compared with surface
water elevations in Salmon Creek to assess the direction of groundwater flow in the vicinity

PDX17C35.DOC E-1
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GROUNDWATER/SURFACE WATER INTERACTION AT SALMON CREEK

of the creek [that is, to determine if, when, and where surface water seepage out of the creek
(a losing stream) occurs versus groundwater discharge into the creek (a gaining stream)].
Differences between surface water and groundwater water elevation changes were
identified that could indicate the degree of hydraulic connection between the creek and
groundwater. Geologic logs and well construction diagrams for nearby monitoring wells
were reviewed to gain insight into the observed differences in response and degree of
hydraulic connection.

Second, a representative estimate of groundwater flow into Salmon Creek (a Darcy flux
calculation) was made during a period when Salmon Creek was a gaining stream. The
estimated flow is representative for these reasons: (1) the February 1997 horizontal
hydraulic gradient for the shallow silt unit in the southwestern corner of the site was used;
(2) the average hydraulic conductivity was calculated based on slug test data from two
nearby wells (MW12-012 and MW18-016) and used in this flux calculation; and (3) the
seepage face of the creek channel was based on the maximum water level elevation
measured at staff gauge SG08 (located in Salmon Creek) and the channel bottom elevation.

Third, constituent concentrations detected in surface water and groundwater samples
collected between 1994 and 1997 were compared to identify seasonal trends and to evaluate
the potential constituent contribution from groundwater to the creek.

Water Elevation Data
Groundwater and surface water elevations were measured on a weekly basis from May 29,
1997, through September 25, 1997, at staff gauge SG08, monitoring wells MW18-016, MW18-
031, MW38-007, and MW38-035, and the Columbia River (see Figure 2-4 in Section 2.2 of the
Surface Water and Sediment Areas Addendum to the RI/FS Work Plan for locations).
Monitoring well MW12-021 was measured monthly during the same period. Dataloggers
and pressure transducers were also used for brief periods (2 weeks to 1 month) to collect
surface water and groundwater level data at greater frequency during a wet season period
(June) and a dry season period (August/September) at the following locations: MW18-016,
MW18-031, MW38-007, MW38-035, and in Salmon Creek at locations as close to the
monitoring wells as possible. Water elevation data are presented on Figures 1 through 6.

The entire sitewide monitoring well network and all staff gauges were also measured and
the resulting data contoured on a quarterly basis in 1997. These quarterly monitoring events
were used to assess interactions between groundwater and Salmon Creek.

Groundwater/Surface Water Interaction
The comparison of groundwater and surface water elevations indicates that the shallow
groundwater flow system interacts with surface water. The degree of this interaction differs
with location and depth, depending on variations in subsurface permeability. Figure 7 is a
cross section constructed from the geologic logs of monitoring wells located in the vicinity
of Salmon Creek. The stratigraphy in the Salmon Creek area, as shown on Figure 7, is a
mixture of discontinuous interbedded sand and silt. This stratigraphic profile can result in
differences in infiltration rates, differences in shallow groundwater drainage rates in
topographic lows or nearby surface water bodies, and differences in the rate of response to
seasonal change.
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GROUNDWATER/SURFACE WATER INTERACTION AT SALMON CREEK

Figure 7 also shows the screened zones of the monitoring wells. The monitoring wells are
screened at various depths in these materials and within different material types (that is, silt
versus sand). These differences in well construction result in water level measurements
from the wells that represent different saturated zones with varying degrees of hydraulic
connection to one another, to ground surface, and to local surface water bodies.

A comparison of Columbia River stage and Salmon Creek water levels is presented on
Figure 1. These data show that the Columbia River stage was higher than Salmon Creek
levels between May 29,1997, and approximately July 1,1997. After approximately July 1,
1997, the Columbia River stage fell below the elevation of Salmon Creek water levels. Once
the Columbia River level drops below the Salmon Creek outfall, the Sandy Drainage District
allows the creek to discharge by gravity into the river. At other times of the year, the
drainage district must pump Salmon Creek discharge over the U.S. Army Corps of
Engineers (COE) dike into the river.

A comparison of groundwater levels in monitoring wells MW12-021, MW12-092,
MW18-016, MW18-031, MW38-007, and MW38-035 with both the river and creek levels, for
the wet season monitoring period, indicates the following (see Figures 1 through 3):

• Groundwater elevations in shallow UGS and intermediate sand monitoring wells
MW12-092, MW18-031, and MW38-035 respond to changes in Columbia River stage;
these wells do not appear to be influenced by Salmon Creek. This relationship suggests
that the primary surface water influence on UGS and intermediate groundwater is the
Columbia River.

• Shallow silt monitoring wells MW12-021, MW18-016, and MW38-007 are not affected by
fluctuations in Columbia River stage.

• Similar responses are seen during the dry season monitoring period for well groups
MW18 (see Figure 4) and MW38 (see Figure 5).

This difference in response between the shallow silt wells and the deeper sand wells
(MW12-092, MW18-031, and MW38-035) is likely a result of MW12-021, MW18-016 and
MW38-007 being screened in a shallower lower-permeability unit. Because of the
differences in hydraulic properties, the degree of hydraulic connection to the Columbia
River is greater in the more permeable UGS and intermediate sands. The river influence is
dampened by the lower permeability of the shallow materials.

Because of the poor hydraulic connection to the deeper sand wells, little if any hydraulic
connection exists between the creek and groundwater below the silt. A better hydraulic
connection exists between the shallow groundwater in the silt and the creek. Thus, the
shallow silt monitoring wells provide the primary means to evaluate the interaction
between groundwater and Salmon Creek.

Figure 6 shows the different responses of shallow silt wells MW12-021, MW18-016, and
MW38-007 to changing elevations in Salmon Creek (represented by staff gauge SG08), as
follows:

• Groundwater elevations in MW12-021 drop below surface water elevations (SG08)
sometime between July 10,1997, and August 6,1997. By October 3,1997, groundwater
has dropped below the bottom elevation of Salmon Creek. MW12-021 is screened

PDX17C35.DOC E-10
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GROUNDWATER/SURFACE WATER INTERACTION AT SALMON CREEK

predominantly in sand, above a 5-foot-thick sequence of silt, separating it from the UGS
unit below. Sand is more permeable, responds faster to infiltration, and drains more
quickly than silt.

• In MW18-016, groundwater drops to surface water elevation in approximately the same
time frame as MW12-021, but it never falls below the bottom elevation of Salmon Creek.
MW18-016 is screened in sand interbedded with thin layers of silt (making it less
permeable than MW12-021) above an 8-foot-thick silt layer. MW18-016 also shows either
a response to Salmon Creek stage changes or a direct response to precipitation events
(see Figure 3).

• Groundwater levels in MW38-007 generally tend to follow surface water elevations in
the creek and have not been observed to drop below the surface water elevation of
Salmon Creek. MW38-007 shows no response to transient "spikes" in Salmon Creek
stage; however, the long-term trend in Salmon Creek stage—a slight increase of about
0.1 foot over the study period—is closely matched by the trend in groundwater levels in
MW38-007 (see Figure 2).

• Groundwater levels in all three wells show a downward trend between May 29,1997,
and September 25,1997, reflecting a seasonal decline in the water table as summer
progresses. Surface water elevations in Salmon Creek remained fairly steady during this
period. MW38-007 declined at a slower rate than the other two wells. Again, this
suggests that the hydraulic interaction between MW12-021 and MW18-016 and Salmon
Creek is minimal.

As expected, these data indicate that Salmon Creek is a gaining stream (groundwater flows
into the creek) in the winter/spring when groundwater is high. A transition period occurs
between mid-June and mid-July as groundwater drops below the surface water elevation.
Salmon Creek becomes a losing stream in the late summer/fall and begins to recharge
groundwater.

Flux Calculation
An estimate of groundwater flow into Salmon Creek was made for February 1997 (a period
of high groundwater elevations) and August 1997 (a period of seasonally low groundwater
elevations) using Darcy's equation:

Q = KiA

where:

Q = quantity of flow per unit time, in cubic feet per second (ft3/s).

i = horizontal hydraulic gradient, in foot per foot (ft/ft). A February 1997 hydraulic
gradient (wet season conditions) was estimated for the shallow silt unit in the
southwest corner of the site; ifeb = 0.004 ft/ft.

K = hydraulic conductivity, in feet per second (ft/s). An average hydraulic conduc-
tivity was calculated from slug test data collected at MW12-021 and MW18-016
on June 22,1995, and October 10,1995, respectively; Kavg= 0.43 ft/day or 1.5 x 10~"
centimeters per second (cm/sec).

POX17C35.DOC E-11



I

I
I
I
I
I
I
I

I
I
I
I
I
I
I

!

I

GROUNDWATER/SURFACE WATER INTERACTION AT SALMON CREEK

A = estimated cross-sectional area of the Salmon Creek channel through which
groundwater flow occurs, in square feet (ft2). Assumes seepage face of creek is
2.9 feet deep and creek is approximately 2,220 feet long (measured from sample
point RM-SW11 to RM-SW14); A=6,438 ft2.

Estimated groundwater flow into Salmon Creek is approximately 1.27 x 10"4 ft3/sec in the
winter and spring. This indicates that the likely contribution of groundwater to Salmon
Creek is very small and suggests that the potential for constituent contribution from
groundwater is low.

Groundwater Quality Data
Groundwater adjacent to Salmon Creek is monitored as part of RMC's ongoing ground-
water monitoring program. Analyses performed on the samples collected during each
groundwater sampling event vary by well location and date. Groundwater samples have
been collected 10 times at MW12-021 (installed August 4,1994), 7 times at MW18-016
(installed July 20,1995), and 5 times at MW38-007 (installed November 1,1996). Well
locations are shown on Figure 2-4 in the addendum. All three wells have been sampled at
least once for cyanide, fluoride, 17 total metals, polynuclear aromatic hydrocarbons, volatile
organic compounds, and general chemistry. MW18-016 was also sampled three times for
polychlorinated biphenyls. All data collected at these wells are provided in Appendix E of
the addendum.

In addition, a Geoprobe investigation, conducted during the spring and summer of 1997,
included a Geoprobe location adjacent to Salmon Creek, GP-31 (see Figure 2-4 in the
addendum). The purpose of the investigation was to develop a better understanding of
sitewide fluoride distribution in groundwater. GP-31 was advanced to a total depth of
50 feet below ground surface (bgs). Groundwater samples were collected at 10-foot intervals
and analyzed for fluoride using a field fluoride probe. A maximum fluoride value of
1.16 milligrams per liter (mg/L) was detected at a depth of 10 feet bgs.

Constituent Distribution
Because MW38-007 appears to have a more direct hydraulic connection to Salmon Creek
than wells MW12-021 and MW18-016, MW38-007 was selected as the well most likely
representative of potential constituents being contributed to the creek through
groundwater. Table 1 summarizes the results of groundwater samples collected at MW38-
007 between November 1996 and November 1997. These results are compared with surface
water samples collected upstream of the confluence of West Drainage and Salmon Creek,
where surface water is not influenced by surface water discharges from RMC. Total metals
results collected from MW38-007 were compared with dissolved metals results in surface
water for the following reasons: (1) properly developed wells have low total suspended
solids and therefore most metals should be in the dissolved form, and (2) the dissolved
metals in surface water samples are more comparable with the form that may be
contributed from groundwater. The comparison in Table 1 does not imply that the
constituents in Salmon Creek are from groundwater discharge from RMC. There is likely an
upstream contribution of dissolved metals in surface water, but no background dissolved
metals results are available for surface water to evaluate the upstream contribution of
metals. Both Salmon Creek samples were collected during storm events, when the
stormwater contribution of constituents is expected to be higher.
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Table 1
Summary of Groundwater and Surface Water Upstream of West Drainage in Salmon Creek

Analyte (mg/L)
Inorganic Compounds

Cyanide, Total
Fluoride (340.1/.2)
Fluoride (300.0)

Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

MW38-0073

Minimum

0.01 U

0.05 U
0.0007 U
0.0013 U

0.02 U
0.0003 U
0.0012 U

0.002 U
0.005

0.1 U
0.0005 U

0.0001 U
0.0073 U

0.0006 U
0.0025 U

0.0006 U
0.0026 U
0.0023

Maximum

0.02 U

0.25 U

0.204
0.005 U
0.004 U

0.0296
0.0003 U
0.002 U
5.08
0.01 U

0.0077
0.287

0.0019
1.96
0.02 U

0.0002 U
0.04 U

1 U
0.005 U
0.003 U
2.12

0.002 U
0.02 U
0.05 U

No. of
Samples

5

3

5
5
5
5

5
1
5

5
5
1
1
5
5
1
5
5
1
5
5
5

Surface Water Upstream of West
Drainage"

Minimum

0.01 U
0.25 U

0.065
0.005 U
0.004 U

0.0003 U
0.002 U

0.01 U
0.002 U
0.18

0.001 U

0.0002 U
0.04 U

0.005 U
0.003 U

0.002 U
0.02 U
0.05 U

Maximum

0.02 U
0.28

0.076
0.005 U
0.004 U

0.0003 U
0.002 U

0.01 U
0.0022
0.337
0.001 U

0.0002 U
0.04 U

0.005 U
0.003 U

0.002 U
0.02 U
0.05 U

No. of
Samples

2
2

2
2
2

2
2.

2
2
2
2

2
2

2
2

2
2
2

* Total metals results are presented because dissolved metals results are not available.
" Based on two samples [SC-ST06 (3/96), SC-ST06 (5/96)] during storm events. Dissolved metals results
are presented because they are more comparable with what is potentially contributed by groundwater.
U = Undetected.
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GROUNDWATER/SURFACE WATER INTERACTION AT SALMON CREEK

It appears that the constituent concentrations observed in surface water and shallow
groundwater are similar. The comparison shows groundwater concentrations of aluminum
(0.204 mg/L), copper (0.0077 mg/L), and lead (0.0019 mg/L) slightly above the maximum
concentration detected in surface water (0.076 mg/L, 0.0022 mg/L, and 0.001U mg/L,
respectively). Because the flows in Salmon Creek are so much greater (for example,
248 ftYsec for a 2-year storm event) than that contributed by groundwater (maximum
1.27 x 10"4 ft3/sec), the metals detected in Salmon Creek are probably from upstream sources.
Any contribution from groundwater would be difficult to detect.

Summary
The results of this investigation suggest the following conclusions:

• The shallow groundwater flow system interacts with surface water. The degree of
interaction varies with areal changes in aquifer permeability, especially in the southern
portions of the site where the shallow silt unit is present.

• Groundwater interaction witih Salmon Creek is limited to the shallow silt unit.

• Salmon Creek is a gaining stream (groundwater flows into the creek) in the winter and
spring when groundwater is high. A transition period occurs between mid-June and
mid-July as groundwater drops below the surface water elevation. During late summer
and fall, Salmon Creek is a losing stream and recharges groundwater.

• The results of the flux calculation indicate that the likely contribution of groundwater to
Salmon Creek is very small and suggests that the potential for constituent contribution
to the creek from groundwater is low.

• The constituent concentrations observed in surface water and shallow groundwater are
similar.

There is a small contribution of groundwater from the RMC site discharging to Salmon
Creek during the wet weather period, when flows in Salmon Creek are higher from storm-
water runoff. Because the groundwater discharge is an extremely small percent of the total
Salmon Creek flow, any constituent contribution would be difficult to. detect in surface
water.
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Table E-1
_ Surface Water Analytical Results for Salmon Creek
^AmiDle ID
'̂ Tocation of sample from West

Drainage confluence
Sample Date

Analyte
Field Parameters

Dissolved Oxygen
Temperature (Celsius)
pH (units)

Inorganic Compounds (mg/L)
Cyanide, Total
Chemical Oxygen Demand
Ruoride (340.2)
Fluoride (340.1/340.2)
Hardness
Total Suspended Solids
Total Organic Carbon

Total Metals (mg/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Magnesium
Mercury

•jickel
^Potassium
I Selenium

Silver
Sodium
Thallium
Vanadium
Zinc

Dissolved Metals (mg/L)
Aluminum
Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Iron
Lead
Mercury
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

RM-SW14"

Downstream
8/18/94

0.01 U

0.5 U

61

0.48
0.005 U
0.004 U

0.02 U
0.02 U

0.0003 U
15

0.02 U
0.05 U
0.02 U
0.4

0.004 U
0.02 U
5.8

0.0005 U
0,05 U
1.7

0.004 U
0.02 U

7
0.004 U

0.02 U
0.05 U

WD-SW26"

Upstream
2/22/95

0.01 U

0.5 U

0.14
0.005 U
0.004 U

0.02 U
0.02 U

0.0003 U
15

0.02 U
0.05 U
0.02 U
0.63

0.004 U
0.058

6.2
0.0005 U

0.05 U
3.1

O.004 U
0.02 U
7.2

0.004 U
0.02 U
0.05 U

WD-SW25b

Downstream
2/22/95

0.01 U

1

0.46
0.005 U
0.004 U

0.02 U
0.02 U

0.0003 U
15

0.02 U
0.05 U
0.02 U
0.76

0.004 U
0.068

5.9
0.0005 U

0.05 U
3.2

0.004 U
0.02 U
8.2

0.004 U
0.02 U
0.05 U

!

SC-ST06C

Upstream
3/31/96

8.3
9.6
5.9

0.02 U
15 L

0.28
44.4

40
4

0.617
0.005 U
0.004 U

0.0003 U
0.002 U

0.01 U

0.003 U
1.21

0.0028

0.0002 U
0.04 U

0.005 U
0.003 U

0.002 U
0.02 U
0.05 U

0.065
0.005 U
0.004 U

0.0003 U
0.002 U
0.01 U

0.002 U
0.18

0.001 U
0.0002 U

0.04 U
0.005 U
0.003 U
0.002 U

0.02 U
0.05 U

SC-ST070

Downstream
3/31/96

7.1
9.5
5.8

0.02 U
SOL

0.66
47.1

20
4

0.831
0.005 U
0.004 U

0.0003 U
0.002 U

0.01 U

0.0062
1.39

0.002

0.0002 U
0.04 U

0.005 U
0.003 U

0.002 U
0.02 U
0.05 U

0.232
0.005 U
0.004 U

0.0003 U
0.002 U
0.01 U

0.0039
0.457
0.001 U

0.0002 U
0.04 U

0.005 U
0.003 U
0.002 U

0.02 U
0.05 U

SC-ST06C

Upstream
5/28/96

0.02 U
65

0.25 U
33.2
100 L

7

4.05
0.005 U
0.004 U

0.0003 U
0.002 U

0.01 U

0.0146
6.51

0.0093

0.0002 U
0.04 U

0.005 U
0.003 U

0.002 U
0.02 U

0.0712

0.076
0.005 U
0.004 U

0.0003 U
0.002 U
0.01 U

0.0022
0.337
0.001 U

0.0002 U
0.04 U

0.005 U
0.003 U
0.002 U

0.02 U
0.05 U

SC-STOT*

Downstream
5/28/96

0.02 U
20

0.25 U
38.2
120 L
6.6

5.35
0.005 U
0.004 U

0.0003 U
0.002 U

0.01 U

0.014
7.67

0.0085

0.0002 U
0.04 U

0.005 U
0.003 U

0.002 U
0.024

0.0711

0.05 U
0.005 U
0.004 U

0.0003 U
0.002 U
0.01 U

0.0022
0.293
0.001 U

0.0002 U
0.04 U

0.005 U
0.003 U
0.002 U
0,02 U
0.05 U

Background11

Minimum

0.01 U

0.25 U

57

0.1 U
0.005 U
0.004 U
0.02 U

0.0003 U
0.003 U

13
0.01 U
0.05 U
0.002 U

0.17
0.001 U
0.02U
5.6

0.0002 U
0.04 U

2.3
0.004 U
0.003 U

5.8
0.002 U
0.02 U
0.05 U

Maximum

0.02 U

0.5 U

63

0.1
0.005 U
0.004 U
0.02 U
0.02 U
0.02 U

15.3
0.02 U
0.05 U
0.02 U

0.6
0.004 U

0.35
6

0.0005 U
0.05 U

3
0.005 U
0.02 U

7
0.004 U
0.02 U
0.05 U
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Table E-1
_ Surface Water Analytical Results for Salmon Creek

ĵ Bmnole ID
•̂ cocation of sample from West

Drainage confluence
Sample Date

Analyte
PAHs (mg/L)

Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

PCBs (mg/L)
Aroclor 1016
Aroclor1221
Aroclor 1232-
Aroclor 1242
Arocior1248
Aroclor 1254
Aroclor 1260
Total PCBs (Screen)

[TPH (mg/L) (EPA 801 5-M)
[TPH (418.1)
l̂ fcasoline
•Piesei/related (C12-C24)
I Heavy oil/related (C24-C40)

RM-SW14"

Downstream
8/18/94

0.005 U
0.005 U
0.005 U

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.005 U

0.0001 U
0.005 U
0.005 U

0.0005 U

0.001 U
0.002 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U

0.2 U
0.5 U

1 U

WD-SW26"

Upstream
2/22/95

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

0.00011
0.0001 U
0.0001 U
0.0001 U
0.0001 U

0.00011
0.0001 U
0.0002 U
0.0001 U
0.0001 U

0.00013

0.0005 U
0.001 U

0.0005 U
0.0005 U
0.0005 U
0.0005 U
0.0005 U

0.08 U
0.3 U
0.6 U

WD-SW25"

Downstream
2/22/95

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0002 U
0.0001 U
0.0001 U
0.0001 U

0.0005 U
0.001 U

0.0005 U
0.0005 U
0.0005 U
0.0005 U
0.0005 U

0.08 U
0.3 U
0.6 U

SC-ST06C

Upstream
3/31/96

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0002
0.0001 U
0.0001 U
0.0001 U
0.0001 U

0.001 U

10 U

SC-STOT0

Downstream
3/31/96

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001
0.0001 U
0.0001 U
0.0001 U
0.0001 U

0.001 U

10 U

SC-ST06C

Upstream
5/28/96

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001
0.0001
0.0001 U
0.0001 U
0.0001 U
0.0001
0.0001 U
0.0001 U
0.0001 U

. 0.0001 U
0.0002

0.001 U

10 U

SC-STOT*

Downstream
5/28/96

0.0001 U
0.0001 U
0.0001 U

• . 0.0001 U
0.0001 U
0.0001
0.0001
0.0001 U
0.0001 U
0.0001 U
0.0001
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0002

0.001 U

10 U

Background11

Minimum

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0005 U
0.001 U
0.0005 U
0.0005 U
0.0005 U
0.0005 U
0.0005 U
0.0005 U

0.08 U
0.5 U
0.5 U

Maximum

0.005 U
0.005 U
0.005 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.005 U
0.0002 U
0.005 U
0.005 U
0.0005 U
0.001 U
0.002 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U

0.2 U
0.28
1 U

["Source: Removal Site Assessment Report (CH2M HILL, January 1995)
'Source: Technical Memorandum DS No. 1: West Drainage Area Sampling Program Data Summary (CH2M HILL, May 10, 1995)
;Source: Data Summary for the South Wetlands Addendum to the RI/FS Work Plan, Part 1 - Soil, Surface Water, and Groundwater Quality (CH2M HILL,

February 12, 1997)
'Source: Technical Memorandum DS No. 12: Background Data Summary for RMC-Troutdale (CH2M HILL, December 3, 1 996). Range shown for 4 samples

(WD-SW32, WD-SW33, RM-SW11, WD-SW29)

U = Undetected
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Table E-2
Sediment Analytical Results for Salmon Creek

Sample ID
Location of sample from West
Drainage confluence
Sample Date

Inorganic Compounds (mg/kg)
Cyanide, Total
Fiuoride (340.2M)
.Ruoride (340.1/.2)
TOO

Metals (mg/kg)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Magnesium
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

PAHs (mg/kg)
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i]perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
Total PAHs (detects only)

PCBs (mg/kg)
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260

tPHd (mg/kg)
Gasoline (Method TPH-G)
Diesel (Method THH-D)
Heavy/Bunker (Method TPH418.1-M)
Gasoline (Method TPH-HCIO)
Diesel (Method TPH-HCID)
Heavy/Bunker (Method TPH-HCID)

RM-SD12"

Downstream
8/18/94

2.2
5U

29000

17000
0.5 U

4
88
0.2 U
1.3

5200
19
18
56

25000
32

200
2600

0.2 U
44

640
0.2 U
0.2 U
640
0.2 U
80

260

0.067 U
0.067 U
0.067 U

0.92
1.1
2.5

0.88
0.56

1
0.067 U

1.2
0.067 U
0.72

0.067 U
0.4
1.3

10.58

0.05 U
0.1 U

0.05 U
0.05 U
0.05 U
0.05 U
0.23

2U
25 U

120

RM-SD13*

Downstream
8/18/94

0.1 U
5U

12000

7800 .
0.5 U
1.3
36
0.2 U
0.2 U

3200
9

7.8
20

12000
10
73

1300
0.2 U
11

410
0.2 U
0.2 U
320
0.2 U
41
76

, 0.034 U
0.034 U
0.034 U

0.39
0.56

1
0.36
0.22
0.41

0.083
0.41

0.034 U
0.32

0.034 U
0.15
0.46
4.36

0.05 U
0.1 U

0.05 U
0.05 U
0.05 U
0.05 U
0.05 U

2U
25 U
24

RM-SD14a

Downstream
8/18/94

0.1 U
5U

1200

1500
0.5 U

0.45
6.3

0.25 U
0.25 U
1400

1.8
3.4
3.8

3700
2.5 U
24

170
0.2 U
4.1
150
0.2 U

0.25 U
62
0.2 U
12
10

0.0067 U
0.0067 U
0.0067 U

0.02
0.031
0.073
0.017
0.014

0.03
0.0067 U

0.02
0.0067 U

0.02
0.0067 U
0.0067 U

0.021
0.246

0.05 U
0.1 U

0.05 U
0.05 U
0.05 U
0.05 U
0.05 U

2U
25 U
20 U

WD-SD25b

Downstream
2/22/95

0.042 U

380
5100

6700
1.3 U

1 U
28
1 U
1 U

2600
12

5.6
57 J

8800
10 U
54

1100
0.15 U
7.9
720

1 U
1 U

390
1 U

49
48

0.02
0.0067 U

0.03
0.24
0.28
0.39
0.18
0.14
0.28

0.052
0.34

0.0067 U
0.15

0.0067 U
0.14
0.31
2.55

0.05 U
0.1 U

0.05 U
0.05 U
0.05 U
0.05 U
0.05 U

20 U
SOU

100 U

WD-SD26"

Upstream
2/22/95

0.043 U

150 U
4400

7600
1.3 U

1 U .
26

1 U
1 U

3200
12
8.1
55 J

11000
10 U
76

1400
0.2 U
11

480
1 U
1 U

340
1 U

58
69

0.034 U
0.034 U
0.077
0.44
0.53
0.84
0.4

0.24
0.52

0.097
0.68

0.034 U
0.32

0.034 U
0.34
0.58
5.06

0.05 U
0.1 U

0.05 U
0.05 U
0.05 U
0.12
0.05 U

100 U
280'

1200°

Background0

Minimum

0.022 U

160
8100

8270
0.08 U

1.7
39.3
0.2U
0.2U
3460
11.7
4.71
12.1

13300
10.8
120

1900
0.03
9.6
533

0.2 U
0.03
374

0.09 U
41.4
62.3

0.034 U
0.034 U
0.034 U
0.008
0.014
0.018
0.1 2J
0.018

0.034 U
0.0039
0.034 U
0.034 U

0.01 4 JM
0.034 U
0.014J
0.024
0.213

0.05 U
0.1 U
0.05 U
0.05 U
0.038U
0.05 U
0.05 U

Maximum

1 U

250
29000

25100
2.5 U
6.5
203
0.6
0.5

5200
39.9
13.4
31

30700
49
563
3330
0.2 U
20.8
866
1 U
1 U
693
1 U
83 L
200

0.3 U
0.3 U
0.3 U
0.085
0.14
0.29
0.18
0.092
0.17
0.012
0.19
0.3 U
0.16
0.3 U
0.13
0.21
1.59

0.12 U
0.1 4 U
0.06 U
0.05 U
0.47 U
0.1 4 U
0.1 2 U

2U
170
290
20 U
SOU
100 U

'Source: Removal Site Assessment Report (CH2M HILL, January 1995)
'Source: Technical Memorandum DS No. 1: West Drainage Area Sampling Program Data Summary (CH2M HILL, May 10, 1995)
:Source: Technical Memorandum DS No. 12: Background Data Summary for RMC-Troutdale (CH2M HILL, December 3, 1 996)

Includes 6 samples from Fairview Creek and 4 samples from Salmon Creek (at Graham Road and upstream).
1 TPH analyzed by Oregon DEQ methods
'Oregon DEQ TPH-HCID is a screening method. Any results above detection limit are estimated values.
J = Estimated value
L = Estimated value, may be low on basis of spike recovery
M = Estimated value, analyte found but with low spectral match
U = Undetected

j3dx17caO-XLS
3/13/98 2:57 PM E-18

Draft Surface Water a*\d Sed«t\ev\\ Areas
Addendum to the RI/FS Work Plan



Table E-3
Salmon Creek Monitoring Well Data Summary

Groundwater Monitoring Well MW12-021*

Minimum Maximum
No. of

Samples

MW18-016b

Minimum Maximum
No. of

Samples
Analyte

Inorganic Compounds (mg/L)
Cyanide, Total
Fluoride (340.1/.2)
Fluoride (340.2M)
Fluoride (300.0)

Total Metals (mg/L)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

0.01 U
0.25 U
0.5 U

0.25 U

0.02 U
0.0007 U

0.001 U
0.028

0.0003 U
0.0003 U

12
0.002 U

0.0011 U
10.1

0.0005
6.8

L 0.0001 U
0.0073 U

1.6
0.00066
0.0025 U

88
0.0006 U
0.0012 U
0.0044 U

RGBs
Total PCBs

0.02 U
0.45
0.5 U

0.25 U

0.055
0.005 U
0.004 U

0.0391
0.00063

0.02 U
12.7
0.02 U
0.02 U
20.1

0.005 U
8.3

0.592
0.0005 U

0.1 U
1.62

0.005 U
0.0109

90
0.004 U

0.02 U
0.1 U

10
2
2
4

6
10
10
6

10
10
2

10
10
7

10
2
1

10
10
2

10
8
2
8
5

10

0.01 UJ
4.4 L

7.1

0.393
0.005 UJ
0.004 U

0.0544
0.001
0.002 U

11
0.01 U

0.002 U
13.7

0.001 U
6.96

0.412
0.0002 U

0.04 U
1.5

0.005 U
0.003 U

41
0.002 U

0.02 U
0.05 U

0.001 U

0.02 U
6.4

7.54

1.53
0.005 U
0.004 U
0.103

0.0021
0.004 U

18.6
0.02 U

0.0052
27.2

0.005 U
10

1.41
0.0002 U

0.04 U
2.36

0.005 U
0.02 U
51.2

0.002 U
0.02 U
0.05 U

0.001 U

7
3

4

7
5
7
7
7
5
2
7
7
7
7
2
2
5
7
2
5
5
2
5
4

• 5

3

MW38-007C

Minimum

0.01 U

0.25 U

0.05 U
0.0007 U
0.0013 U

0.02 U
0.0003 U
0.0012 U

0.002 U
0.005

0.1 U
0.0005 U

0.0001 U
0.0073 U

0.0006 U
0.0025 U

0.0006
0.0026 U
0.0023

Maximum

. 6.02 U

0.25 U

0.204
0.005 U
0.004 U

0.0296
0.0003 U
0.002 U

5.08
0.01 U

0.0077
0.287

0.0019
1.96
0.02 U

0.0002 U
0.04 U

1 U
0.005 U
0.003 U

2.12
0.002 U

0.02 U
0.05 U

No. of
Samples

5

3

5
5
5
5
5
5
1
5
5
5
5
1
1
5
5
1
5
5
1
5
5
5

a = SVOCs were analyzed in two samples but not detected
b = SVOCs were analyzed in four samples but not detected
c = SVOCs were analyzed in three samples but not detected
J = Estimated value
L = Estimated value, may be biased low on basis of spike recovery results
U = Undetected
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Table F-1
East Lake Surface Water and Adjacent Monitoring Well Analytical Results

Sample ID
Sample Date
Matrix

Inorganic Compounds
Cyanide, Total
Fluoride (340.2M)
Fluoride (340.1/.2)
Fluoride (300.0)
Hardness
TOC

Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Dissolved Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

RM-SW18"
8/18/94

Water (mg/L)

0.01 U
0.7

21

0.1 U
0.005 U
0.004 U
0.02 U
0.02 U

0.0003 U
5.2

0.02 U
0.05 U
0.02 U
0.89

0.0044
1.9

0.085
0.0005 U

0.05 U
1.8

0.004 U
0.02 U
3.7

0.004 U
0.02 U
0.05 U

EL-SW001
1/29/98

Water (mg/L)

0.02 U

0.33 R
23

0.221
0.005 U
0.004 U
0.02 U

0.0003 U
0.002 U
5.87
0.01 U

0.015 U
0.0051
0.867
0.001 U
2.41

0.0757
0.0002 U

0.04 U
1.39

0.005 U
0.003 U
3.86

0.002 U
0.02 U
0.05 U

0.05 U
0.005 U
0.004 U
0.02 U

0.0003 U
0.002 U
5.34
0.01 U

0.015 U
0.002 U

0.1 U
0.001 U
2.03

0.0498
0.0002 U

0.04 U
1.27

0.005 U
0.003 U
3.31

0.002 U
0.02 U
0.05 U

EL-SW002
1/29/98

Water (mg/L)

0.02 U

0.36 R
27

0.0906
0.005 U
0.004 U
0.02 U

0.0003 U
0.002 U
5.57
0.01 U

0.015 U
0.0021
0.774
0.001 U
2.13

0.073
0.0002 U

0.04 U
1.42

0.005 U
0.003 U
3.44

0.002 U
0.02 U
0.05 U

0.05 U
0.005 U
0.005 U
0.02 U

0.0003 U
0.002 U
5.39
0.01 U

0.015 U
0.002 U

0.1 U
0.001 U
2.05
0.05 U

0.0002 U
0.04 U

1 U
0.005 U
0.003 U
3.32

0.002 U
0.02 U
0.05 U

MW53-034e

11/1/97
Groundwater

0.02 U

2.32
91

0.05 U
0.005 U
0.004 U
0.0625
0.00031
0.002 U
16.9
0.01 U

0.0036 U
9.63
0.001 U
9.68
0.77

0.0002 U
0.04 U
1.3

0.005 U
0.003 R
7.36
0.002 U
0.02 U
0.05 U

Background Surface Waterb

Columbia Rivei*
Minimum | Maximum

0.002 U/E
0.5 U

51.3

0.1 U
0.003 U
0.003 U
0.02 U

0.002 U/E
0.0001 U

0.001 U
0.05 U
0.0026

0.1 U
0.001 U/E

0.02 U
0.00011 U

0.005 U

0.003 U
0.001 U

0.001 U

0.005 E

0.01 U
0.5 U

62

1.3 E
0.015 U/E
0.005 U/E

0.032 E
0.02 U

0.0005 U/E
15

0.02 U
0.05 U
0.02 U

1.8 E
0.0015

4.7
0.02 U

0.0005 U/E
0.05 U

1
0.005 U/E

0.02 U
6.2

0.36 U/E
0.02 U

0.077 E

Salmon Creek4

Minimum (Maximum

0.01 U
0.25 U

57

0.1 U
0.005 U
0.004 U
0.02 U

0.0003 U
0.003 U

13
0.01 U
0.05 U
0.002 U

0.17
0.001 U

5.6

0.02 U
0.5 U

63

0.1
0.005 U
0.004 U
0.02 U
0.02 U
0.02 U
15.3

0.02 U
0.05 U
0.02 U

0.6
0.004 U

6
0.02 U 0.35
0.0002 U
0.04 U

2.3
0.004 U
0.003 U

5.8
0.002 U
0.02 U
0.05 U

0.0005 U
0.05 U

3
0.005 U
0.02 U

7
0.004 U
0.02 U
0.05 U
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Table F-1
East Lake Surface Water and Adjacent Monitoring Well Analytical Results

Sample ID
Sample Date
Matrix

PAHs
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthraeene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

PCBs
Aroclor 1016
Aroclor1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
Aroclor 1262
Aroclor 1268
Total PCBs

TPH
Gasoline
Diesel/related (C12-C24)
Heavy oil/related (C24-C40)
Gasoline by HCID
Diesel by HCID
Oil by HCID

RM-SW183

8/18/94
Water (mg/L)

0.001 U
0.003 U

0.0002 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0002 U
0.0005 U
0.0005 U
0.0002 U

0.001 U
0.0002 U
0.0002 U

0.0011 U
0.0022 U
0.0011 U
0.0011 U
0.0011 U
0.0011 U
0.0011 U

0.5 U
0.2 U
5.1

EL-SW001
1/29/98

Water (mg/L)

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

0.001 U
0.002 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U

0.25 U
0.63 U
0.63 U

EL-SW002
1/29/98

Water (mg/L)

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

0.001 U
0.002 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U

0.25 U
0.63 U
0.63 U

MW53-0346

11/1/97
Groundwater

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

Background Surface Water6

Columbia River0

Minimum

0.002 U
0.002 U
0.002 U

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.002 U

0.0001 U
0.002 U
0.002 U

O.Q005 U

0.0005 U
0.0005 U
0.0005 U
0.0005 U
0.0005 U
0.0005 U
0.0005 U

Maximum

0.005 U
0.005 U
0.005 U
0.002 U
0.004 U
0.004 U
0.004 U
0.004 U
0.002 U
0.004 U
0.002 U
0.005 U
0.004 U
0.005 U
0.005 U
0.002 U

0.001 U
0.002 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U

0.2 U
0.5 U

1 U

Salmon Creek"
Minimum [Maximum

0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U

0.0005 U
0.001 U
0.0005 U
0.0005 U
0.0005 U
0,0005 U
0.0005 U

0.0005 U

0.08 U
0.5 U
0.5 U

0.005 U
0.005 U
0.005 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.0001 U
0.005 U
0.0002 U
0.005 U
0.005 U
0.0005 U

0.001 U
0.002 U
0.001 U
0.001 U
0.001 U
0.001 U
0.001 U

0.001 U

0.2 U
0.28
1 U

"Source: Removal Site Assessment Report (CH2M HILL, January 1 995)
^Source: Technical Memorandum DS No. 12: Background Data Summary for RMC-Troutdale (CH2M HILL, December 3, 1996)
Background data based on a maximum of seven Columbia River surface water samples
'Background data based on 4 samples (WD-SW32, WD-SW33, RM-SW1 1 , WD-SW29)
3No SVOCs, except PAHs shown above, were detected

E = Concentration exceeds the linear range of the instrument; associated value is estimated
J = Estimated value
L = Estimated value, may be low on basis of spike recovery results
M = Estimated value, analyte found but with low spectral match
R = Result is rejected due to gross QA/QC outliers, presence or absence of material cannot be certain
U = Undetected
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Table F-2
East Lake Sediment Analytical Results

Sample ID
Sample Date
Matrix

norganic Compounds
Cyanide, Total
Fluoride (340.2M) •
Fluoride (340.1/.2)
Fluoride (300.0)
Fluoride (Gl Extraction)
Hardness
TOG

Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

PAHs
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(g,h,i)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
lndeno(1 ,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene
Total PAHs (detects only)

PCBs
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
Aroclor 1262
Aroclor 1268
Total PCBs

RM-SD18*
8/18/94

Sediment (mg/kg)

0.5 U
5U

38000

20000
0.5 UJ
3.2
90 L
0.2 U
1.1

5500
19
14
38

24000
28

4500
220

0.042 U
29

1000
0.2 UL
0.2 U
760
0.2 U
69 L

120 L

0.17 U
0.17 U
0.17 U
0.72
0.9
1.4

0.76
0.17 U

1
0.17 U
0.96
0.17 U
0.69
0.17 U
0.17 U

1
7.43

0.05 U
0.1 U
0.1 U

0.05 U
0.05 U
0.05 U
0.05 U

EL-SD001
1/29/98

Sediment (mg/kg)

1.14 U

570 J
1 U

75 U

16500

13700
6.8 U
3.2 U

79.4
1.1 U
1.1 U

4280
17.2

10
31.6

18700
14 J

3400
256
0.46 U
26.3
775
2.3 U
2.3 U
807
2.3 U

48.9
78.5

0.042 U
0.042 U
0.042 U
0.191
0.222
0.239
0.182
0.152
0.259
0.044
0.243
0.042 U

0.2
0.042 U
0.189
0.236
2.157

0.075 U
0.15 U

0.075 U
0.075 U
0.075 U
0.075 U
0.075 U
0.075 U
0.075 U

EL-SD002
1/29/98

Sediment (mg/kg)

1.42 U

530 J
77
75 U

27300

34100
8.5 U
5.4 U
156
1.4 U
1.6

7910
36.8
16.8
58.8

41500
22.5 J
6960
447
0.57 U

45
1600

2.8 U
2.8 U

1690
2.8 U
111
135

0.056 U
0.056 U
0.056 U
0.445 D
0.508 D
0.581 D
0.365 D
0.336 D
0.511 D
0.101
0.567 D
0.056 U
0.426 D
0.056 U
0.333
0.548 D
4.98

0.094 U
0.19 U

0.094 U
0.094 U
0.094 U
0.094 U
0.094 U
0.094 U
0.094 U

Background Sediments*
Columbia River0

Minimum | Maximum

400

5000
0.25 U
1.51 E
60.8 E
0.5 U
0.5 U

2400
5.47 E

11
2.39 E .

10243 E
10 U

2700

0.058 U
9.28 E
440
0.29 U/
0.1 U
200
0.34 U/

45
44.1 E

0.0067 U
0.0038 J
0.0067 U
0,0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.0067 U
0.004 J

0.1 U

37000

16300
5.19 U/E
4.4 E

164.5 E
0.68
1.9

3600
18.9

12
24.8

18900
17.6

3500
270
0.2 U
18

770
1.2 U/E

1 U
220
12.5 U/E

46
155

0.003
0.046 U

0.2
0.073
0.035
0.065
0.022
0.021
0.11

0.0015
0.3

0.015
0.024

0.0022
0.074

0.2
1.192

0.07 U

Salmon Creek"
Minimum (Maximum

0.022 U

160

8100

8270
0.08 U
1.7

39.3
0.2 U
0.2 U

3460
11.7
4.71
12.1

13300
10.8
1900
120
0.03
9.6
533
0.2 U
0.03
374
0.09 U
41.4
62.3

0.034 U
0.034 U
0.034 U
0.008
0.014
0.018
0.12 J
0.018
0.034 U
0.0039
0.034 U
0.034 U
0.014 JM
0.034 U
0.014 J
0.024
0.213

0.05 U
0.1 U
0.05 U
0.05 U
0.038 U
0.05 U
0.05 U

1 U

250

29000

25100
2.5 U
6.5
203
0.6
0.5

5200
.39.9
13.4
31

30700
49

3330
563
0.2 U

20.8
866

1 U
1 U

693
1 U

83 L
200

0.3 U
0.3 U
0.3 U

0.085
0.14
0.29
0.18
0.092
0.17
0.012
0.19
0.3 U
0.16
0.3 U
0.13
0.21
1.59

0.12 U
0.14 U
0.06 U
0.05 U
0.47 U
0.14 U
0.12 U
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Table F-2
East Lake Sediment Analytical Results

Sample ID
Sample Date
Matrix

TPH
Gasoline
Diesel/related (C12-C24)
Heavy oil/related (C24-C40)
Gasoline by HCID
Diesel by HCID
Oil by HCID

RM-SD18'
8/18/94

Sediment (mp/kg)

25 U

EL-SD001
1/29/98

Sediment (mg/kg)

20 U
SOU

100 U

EL-SD002
1/29/98

Sediment (mg/kg)

20 U
SOU

100 U

Background Sedimentsb

Columbia River2
Minimum Maximum

Salmon Creekd

Minimum (Maximum

2 U
170
290

"Source: Removal Site Assessment Report (CH2M HILL, January 1 995)
'Source: Technical Memorandum DS No. 12: Background Data Summary for RMC-Tmutdale (CH2MHILL, Decembers, 1997)
Background data based on a maximum of nine Columbia River sediment samples
Background data based on 6 samples from Fairview Creek and 4 samples from Salmon Creek (at Graham Road and upstream)

E = Concentration exceeds the linear range of the instalment; associated value is estimated
J = Estimated value
L = Estimated value, may be low on basis of spike recovery results
M = Estimated value, analyte found but with low spectral match
R = Result is rejected due to gross QA/QC outliers, presence or absence of material cannot be certain
U = Undetected

I
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Table G-1
Columbia River Samples Used in Risk Analysis

Matrix
Sediment

Riparian Soil

Sample ID
RM-SD3
RM-SD4
CR-SD005
CR-SD006
CR-SD007
OTFL
CR-SB006-0000-0
CR-SB007-0000-0

Date Sampled
8/18/94
8/18/94
9/5/96
9/5/96
9/5/96
2/2/96
9/5/96
9/5/96

1
i
i
i
i
i
i
i
i PDX17CA2.XLS
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Table G-2
Noncancer Health Risk Evaluation: Surface Water ingestion

Recreational Scenario
Reynolds Metals Company - Columbia River Calculated Surface Water

Chemical

1,1,1-TRICHLOROETHANE
ACENAPHTHENE
ALUMINUM
ANTIMONY (III)
BARIUM
BERYLLIUM
CADMIUM
CHROMIUM (VI)
COPPER
CYANIDE
FLUORENE
IRON
MANGANESE
MERCURY
NAPHTHALENE
NICKEL
NITRATE-N
SILVER
TOLUENE
VANADIUM
ZINC

Reference
Dose {Rf D)
mg/kg-day
9.00E-02
6.00E-02

1.00E+00

4.00E-04
7.00E-02
5.00E-03
5.00E-04
5.00E-03
3.70E-02
2.00E-02
4.00E-02
3.00E-01
4.67E-02
3.00E-04
4.00E-02
2.00E-02
1.60E+00
5.0QE-03
2.00E-01
7.00E-03
3.00E-01

Calculated
Surface Water

(Mg/L)
2.97E-05

2.97E-06
2.04E-01

1.64E-05
2.23E-03
3.63E-04
3.27E-05
3.57E-04
1.87E-03
2.38E-03
1.98E-06
1.8QE+00
5.18E-02
3.12E-06
2.97E-05
7.44E-04
8.78E-02
5.65E-05
1.19E-04
7.44E-05
7.59E-05

Estimated Daily
intake (Dl)

(mg/kg-day)
1.51E-12

1.51E-13
1.04E-08

8.32E-13
1.14E-10
1.85E-11
1.66E-12
1.82E-11
9.54E-11
1.21E-10
1.01E-13
9.16E-08
2.63E-09
1.59E-13
1.51E-12
3.78E-11
4.47E-09
2.88E-12
6.05E-12
3.78E-12
3.86E-12

Hazard
Quotient
(DI/RfD)
1.7E-11
2.5E-12
1.0E-08
2.1E-09
1.6E-09
3.7E-09
3.3E-09
3.6E-09
2.6E-09
6.1E-09
2.5E-12
3.1E-07
5.6E-08
5.3E-10
3.8E-11
1.9E-09
2.8E-09
5.8E-10
3.0E-1 1
5.4E-10
1.3E-11

Exceed
Reference

Dose?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
<0.01

<0.01
3
1

0.4
1
1
1
1
2

<0.01
76
14
0.1

<0.01
0.5
1

0.1
<0.01
0.1

<0.01
HAZARD INDEX (Sum of DI/RfD) <0.01

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Water Intake (L/hour)
Body Weight (kilograms)
Number of hours/day exposed
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed
Averaging time: lifetime (yrs)

- Child
- Child

- Child

Lifetime Average Water Intake (mg/kg body wt/day)

Recreational
Reasonable Maximum

0.05
35
0.5

1

26
5
5

0.0001
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I
* A Table G-3
f̂ ^ Noncarcinogenic Health Risk Evaluation:

Dermal Contact with Surface Water
Reynolds Metals Company - Columbia River Calculated Surface Water

H Chemical

,̂1-TRICHLOROETHANE
•UMINUM
flmMONY (III)
BARIUM
MRYLLIUM
BDMIUM
OTROMIUM (VI)
COPPER
•ANIDE
BJORENE
IRON
^NGANESE
KRCURY
fpPHTHALENE
NICKEL«RATE-N

VER
.DENE

VANADIUM

M

Reference
Dose (RfD)
(mgfltg/day)

9.00E-02
1.00E+00
4.00E-04
7.00E-02
5.00E-03
5.00E-04
5.00E-03
3.70E-02
2.00E-02
4.00E-02
3.00E-01
4.67E-02
3.00E-04
4.00E-02
2.00E-02
1,60E+00
5.00E-03

2.00E-01
7.00E-03
3.00E-01

Skin
Permeability

Constant
(cm/hr)
1.7E-02
1.0E-03
1:OE-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
6.9E-02
1.0E-03
1.0E-03
1.0E-03
4.5E-02
1.0E-03
1.0E-03

Calculated
Surface Water

(M9/L)
2.97E-05
2.04E-01
1.64E-05
2.23E-03
3.63E-04
3.27E-05
3.57E-04
1.87E-03
2.38E-03
1.98E-06
1.80E+00
5.18E-02
3.12E-06
2.97E-05
7.44E-04
8.78E-02

5.65E-05

1.19E-04
7.44E-05
7.59E-05

Estimated
Daily

intake (Dl)
(mg/kg/day)

5.1E-12
2.1E-09
1.7E-13
2.3E-1 1
3.7E-12
3.3E-13
3.6E-12
1.9E-11
2.4E-11
2.0E-14
1.8E-08
5.3E-10
3.2E-14
2.1E-11
7.6E-12
8.9E-10
5.8E-13

5.4E-11
7.6E-13
7.7E-13

Hazard
Quotient
(DI/RfD)
5.7E-1 1
2.1E-09
4.2E-10
3.2E-10
7.4E-10
6.7E-10
7.3E-10
5.2E-10
1.2E-09
5.0E-13
6.1E-08
1.1E-08
1.1E-10
5.2E-10
3.8E-10
5.6E-10
1.2E-10

2.7E-10
1.1E-10
2.6E-12

Exceed
Reference

• .Dose ?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
0.07

3
1

0.4
1
1
1
1
1

<0.01

75
14
0.1
0.64
0.5
1

0.1
0.34
0.1

<0.01
•paiHt) INDEX (Sum of DI/RfD) <0.01

^fPOSURE ASSUMPTIONS
•posure Setting
•Closure Case
JBody Weight (kilograms)
Mimber of days/week exposed
•mber of weeks/year exposed

Recreational
Reasonable Maximum

35
1

26

Number of Years Exposed
Averaging Time (yrs)
Exposed Skin Surface Area (cm2)
Time in Water (min/day)

5
5

10000
30

I
I
1
I
I
1
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Table G-4

Excess Lifetime Cancer Risk: Surface Water ingestion
Recreational Swimming Scenario

Reynolds Metals Company - Columbia River Calculated Surface Water

Chemical

BERYLLIUM

EPA
Carcinogen

Classification
B2

Cancer
Slope Factor
(kg-day/mg)

4.30E-KX)

Calculated
Surface Water

Ivgn-)
4.00E-04

Excess
Lifetime

Cancer Risk
6.25E-12'

Percent
of Total

Risk
100

SUM OF RISKS 6.25E-12

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Water Intake (L/hour) - Child
Body Weight (kilograms) - Child
Hours/day exposed
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed - Child
Averaging time: lifetime (yrs)
Lifetime Average Water Intake (mg/kg body wi./day)

Recreational
Reasonable Maximum

0.05
35
0.5

1
26
5

70
3.63E-06

Table G-5
Excess Lifetime Cancer Risk:

Recreational Swimming Scenario J
Reynolds Metals Company - Columbia River Calculated Surface Water \

Chemical

BERYLLIUM

EPA
Carcinogen

Classification
B2

Cancer
Slope Factor
(kg-day/mg}

4.30E+00

Skin
Permeability

Constant
(cm/hr)
0.001

Calculated
Surface Water

(M9/L)
4.00E-04

Excess
Lifetime

Cancer Risk
1.25E-12

Percent
of Total

Risk
100

SUM OF RISKS 1.3E-12

I
I
I
I
I
I
1

«
riii
iii
i
i

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms) •
Number of Days/Week Exposed
Number of Weeks/Year Exposed

Recreational
Reasonable Maximum

35
1

26

Number of Years Exposed
Averaging Time: lifetime (yrs)
Exposed Skin Surface Area (cm2)
Duration of Contact (hour/day)

5
70

10000
0.5
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Table G-6
Excess Lifetime Cancer Risk: Sediment Ingestion

Recreational Scenario
Reynolds Metals Company - Columbia River Sediment

Chemical

Arsenic
Benzo(a)Anthracene
Benzo(a)Pyrene
Benzo(b)Fiuoranthene
Chrysene
lndeno(1 ,2,3-cd)Pyrene

EPA
Carcinogen

Classification
A
B2
B2
B2
B2
B2

Cancer
Slope Factor
(kg-day/mg)

1.5
0.73
7.3
0.73

0.0073
0.73

Maximum
Sediment

Concentration
(M9/kg)
2,500

13
21
48
33
17

Excess
Lifetime

Cancer Risk
1.09E-07
2.76E-10
4.46E-09
1.02E-09
7.00E-12
3.61 E-10

Percent
of Total

Risk
95

0.24
3.9
0.88
<0.01
0.31

SUM OF RISKS 1.2E-07

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Soil Intake (mg/day) - Child
Body Weight (kilograms) - Child
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed - Child
Averaging time: lifetime (yrs)
Lifetime Average Soil Intake (mg/kg body wt./day)

Recreational
Reasonable Maximum

200
35
1

26
5

70
0.03

i PDX17CA2.XLS
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Table G-7
Noncancer Health Risk Evaluation: Sediment Ingestion

Recreational Scenario
Reynolds Metals Company - Columbia River Sediment

Chemical

Aluminum
Arsenic
Barium
Chromium VI
Cobalt
Copper
Ruoranthene
Fluoride (340.1/.2)
Iron
Manganese
Nickel
Pyrene
Vanadium
Zinc

Reference
Dose (RfD)
mg/kg-day
1.00E+00
3.00E-04
7.00E-02
5.00E-03
6.00E-02
3.70E-02
4.00E-02
6.00E-02
3.00E-01
1.40E-01
2.00E-02
3.00E-02
7.00E-03
3.00E-01

Maximum
Sediment

Concentration
(MS/kg)

6,800,000
2,500
66,000
9,670
11,000
12,000

23
240,000

14,000,000
2,500,000

14,000
23

35,200
59,000

Estimated Daily
Intake (Dl)

{mg/kg-day)
2.77E-03
1.02E-06
2.69E-05
3.94E-06
4.48E-06
4.88E-06
9.36E-09
9.77E-05
5.70E-03
1.02E-03
5.70E-06
9.36E-09
1.43E-05
2.40E-05

Hazard
Quotient
(DI/RfD)
2.8E-03
3.4E-03
3.8E-04
7.9E-04
7.5E-05
1.3E-04
2.3E-07
1.6E-03
1.9E-02
7.3E-03
2.8E-04
3.1E-07
2.0E-03
8.0E-05

Exceed
Reference

Dose?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
7.3
9.0
1.0
2.1

0.20
0.35

<0.01
4.3
50
19

0.75
<0.01
5.4

0.21
HAZARD INDEX (Sum of DI/RfD) 0.038

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Soil Intake (mg/day)
Body Weight (kilograms)
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed
Averaging time: lifetime (yrs)

- Child
- Child

- Child

Lifetime Average Soil Intake (mg/kg body wt/day)

Recreational
Reasonable Maximum

200
35
1

26
5
5

0.41
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Table G-8
Excess Lifetime Cancer Risk:

Skin Contact with Chemicals in Sediment
Reynolds Metals Company - Columbia River Sediment

Chemical

Arsenic

EPA
Carcinogen

Classification
A

Cancer
Slope Factor
(kg-day/mg)

1.50

Percent
Dermal

Absorption
3%

Maximum
Sediment

Concentration
(Mg/kg)
2,500

Excess
Lifetime

Cancer Risk
5.23E-08

Percent
of Total

Risk
100

SUM OF RISKS 5.2E-08

EXPOSURE ASSUMPTIONS

Exposure Setting
Exposure Case
Body Weight (kilograms) - Child
Number of Days/Week Exposed
Number of Weeks/Year Exposed
Number of Years Exposed - Child

Recreational
Reasonable Maximum

35
1

26
5

Averaging Time: lifetime (yrs)
Exposed Body Part(s)
Exposed Skin Surface Area - Child (cm2)
Soil Contact Rate (mg/day) - Child
Soil to Skin Adherence Factor (mg/cm2)

70
Arms, hands, legs

3200
3200
1.00

NOTE: Carcinogenic risk of PAHs is addressed in uncertainty discussion.
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Table G-9

Noncancer Health Risk Evaluation
Skin Contact with Chemicals in Sediment

Reynolds Metals Company - Columbia River Sediment

Chemical

Aluminum
Arsenic
Barium
Chromium VI
Cobalt
Copper
Fluoranthene
Fluoride (340.1/.2)
Iron
Manganese
Nickel
Pyrene
Vanadium
Zinc

Reference
Dose (RfD)
mg/kg/day

1.00
0.0003
0.070
0.0050
0.060
0.037
0.040
0.060
0.30
0.14
0.020
0.030
0.0070
0.30

Percent
Dermal

Absorption
1%
3%
1%
1%
1%
1%
13%
1%
1%
1%
1%
13%
1%
1%

Maximum
Sediment

Concentration
(M9/kg)

6,800,000
2,500
66,000
9,670
11,000
12,000

23
240,000

14,000,000
2,500,000

14,000
23

35,200
59,000

Estimated Daily
intake (D!)

{mg/kg/day}
4.43E-04
4.88E-07
4.30E-06
6.30E-07
7.16E-07
7.82E-07
1.95E-08
1.56E-05
9.12E-04
1.63E-04
9.12E-07
1.95E-08
2.29E-06
3.84E-06

Hazard
Quotient •
{DI/RfD)
4.4E-04
1.6E-03
6.1E-05
1.3E-04
1.2E-05
2.1E-05
4.9E-07
2.6E-04
3.0E-03
1.2E-03
4.6E-05
6.5E-07
3.3E-04
1.3E-05

Exceed
Reference

Dose?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
6.2
23

0.86
1.8

0.17
0.30
<0.01
3.6
43
16

0.64
<0.01
4.6

0.18
HAZARD INDEX (Sum of DI/RfD) <0,01

I
1
I
I
I
i
i
•iEXPOSURE ASSUMPTIONS

Exposure Setting
Exposure Case
Body Weight (kilograms) - Child
Number of Days/Week Exposed
Number of Weeks/Year Exposed
Number of Years Exposed - Child

Recreational
Reasonable Maximum

35
1

26
5

Averaging Time: lifetime (yrs)
Exposed Body Part{s)
Exposed Skin Surface Area - Child (cm2)
Soil Contact Rate (mg/day) - Child
Soil to Skin Adherence Factor (mg/cm2)

5
Arms, hands, legs

3200
3200

1.0 i
i
i
i
i
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Table G-10
Excess Lifetime Cancer Risk: Riparian Soil Ingestion

Recreational Scenario
Reynolds Metals Company - Columbia River Riparian Soil

Chemical

Arsenic
Benzo(b)Fluoranthene

ERA
Carcinogen

Classification
A
B2

Cancer
Slope Factor
(kg-day/mg)

1.50
0.73

Maximum Soil
Concentration

(M9/kg)
1,700
400

Excess
Lifetime

Cancer Risk
7.41 E-08
8.49E-09

Percent
of Totai

Risk
90
10

SUM OF RISKS 8.3E-08

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Soil Intake (mg/day) - Child
Body Weight (kilograms) - Child
Number of days/week exposed -
Number of weeks/year exposed
Number of years exposed - Child
Averaging time: lifetime (yrs)
Lifetime Average Soil intake (mg/kg body wt7day)

Recreational
Reasonable Maximum

200
35
1

26
5

70
0.03

i
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Table G-11
Noncancer Health Risk Evaluation: Riparian Soil Ingestion

Recreational Scenario
Reynolds Metals Company - Columbia River Riparian Soil

Chemical

Aluminum
Arsenic
Barium
Chromium Vi
Cobalt
Copper
Fluoride (340.1/.2)
Iron
Manganese
Nickel
Vanadium
Zinc

Reference
Dose (Rf D)
mg/kg-day

1
0.0003
0.07
0.005
0.06
0.037
0.06
0.3
0.14
0.02
0.007
0.3

Maximum Soil
Concentration

(pg/kg)
11,100,000

1,700
51,400
16,300
8,720
17,800

340,000
16,600,000

235,000
14,300
48,200
34,200

Estimated Daily
Intake (D!)

{mg/kg-day)
4.52E-03
6.92E-07
2.09E-05
6.63E-06
3.55E-06
7.25E-06
1.38E-04
6.76E-03
9.57E-05
5.82E-06
1.96E-05
1.39E-05

Hazard
Quotient
(DI/RfD)
4.5E-03
2.3E-03
3.0E-04
1.3E-03
5.9E-05
2.0E-04
2.3E-03
2.3E-02
6.8E-04
2.9E-04
2.8E-03
4.6E-05

Exceed
Reference

Dose?
' NO

NO
NO
NO
NO
NO
NO
NO
NO
NO .
NO
NO

Percent
of Total

Risk
12
6.2

0.80
3.6
0.16
0.52
6.2
60
1.8

0.78
7.5
0.12

HAZARD INDEX (Sum of D!/RfD) 0.037

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Soil Intake (mg/day)
Body Weight (kilograms)
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed
Averaging time: lifetime (yrs)

- Child
- Child

- Child

Lifetime Average Soil Intake (mg/kg body wt./day)

Recreational
Reasonable Maximum

200
35
1

26
5
5

0.41

Table G-12
Excess Lifetime Cancer Risk: Dermal Contact with Soil

Recreational Scenario
Reynolds Metals Company - Columbia River Riparian Soil

Chemical

Arsenic

EPA
Carcinogen

Classification
A

Cancer
Slope Factor
(kg-day/mg)

1.50

Percent
Dermal

Absorption
3%

Maximum Soil
Concentration

(Mg/kg)
1,700

Excess
Lifetime

Cancer Risk
3.6E-08

Percent
of Total

Risk
100

SUM OF RISKS 3.6E-08

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms) - Child
Number of Days/Week Exposed
Number of Weeks/Year Exposed
Number of Years Exposed - Child

Recreational
Reasonable Maximum

35
1

26
5

Averaging Time: lifetime (yrs)
Exposed Body Part(s)
Exposed Skin Surface Area - Child (cm )̂
Soil Contact Rate (mg/day) - Child
Soil to Skin Adherence Factor (mg/cm )̂

70
Arms, hands, legs

3200
3200

1.0

NOTE: Carcinogenic risk of PAHs is addressed in uncertainty discussion.
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Table G-13
Noncancer Health Risk Evaluation: Dermal Contact with Soil

Recreational Scenario
Reynolds Metals Company - Columbia River Riparian Soil

Chemical

Aluminum
Arsenic
Barium
Chromium VI
Cobalt
Copper
Fluoride (340.1/.2)
Iron
Manganese
Nickel
Vanadium
Zinc

Reference
Dose (Rf D)
mg/kg/day

1
0.0003
0.07
0.005
0.06
0.04
0.06
0.3
0.1

0.02
0.007
0.3

Percent
Dermal

Absorption
1%
3%
1%
1%
1%
1%
1%
1%
1%
1%
1%
1%

Maximum Soil
Concentration

(MS/kg)
11,100,000

1,700
51,400
16,300
8,720
17,800

340,000
16,600,000

235,000
14,300
48,200
34,200

Estimated Daily
Intake (Dl)

(mg/kg/day)
7.23E-04
3.32E-07
3.35E-06
1.06E-06
5.68E-07
1.16E-06
2.21 E-05
1.08E-03
1.53E-05
9.31 E-07
3.14E-06
2.23E-06

Hazard
Quotient
(DI/RfD) .
7.2E-04
1.1E-03
4.8E-05
2.1E-04
9.5E-06
3.1 E-05
3.7E-04
3.6E-03
1.1E-04
4.7E-05
4.5E-04
7.4E-06

Exceed
Reference

Dose?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
11

16.5
0.71
3.2

0.14
0.47
5.5
54
1.6

0.69
6.7

0.11
HAZARD INDEX (Sum of DI/RfD) 0.0067

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms) - Child
Number of Days/Week Exposed
Number of Weeks/Year Exposed
Number of Years Exposed - Child

Recreational
Reasonable Maximum

35
1

26
5

Averaging Time: lifetime (yrs)
Exposed Body Part(s)
Exposed Skin Surface Area - Chiid (cm2)
Soil Contact Rate (mg/day) - Child
Soil to Skin Adherence Factor (mg/cm2)

5
Arms, hands, legs

3200
3200
1.0i
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Table G-14

Aquatic Toxicity of Fluoride Compounds
Reynolds Metals Company - Troutdale, Oregon

Chemical
Fluoride ion
Sodium fluoride

Test Species
(common name)

Brown trout
Brown trout

Caddisfly

Chinook salmon
Coho salmon

Fathead minnow

Freshwater crab

Mosquitofish

Northern squawfish
Rainbow trout

Snail
Snake-head catfish
Three spine stickleback

Water flea
(Dapnia Magna)

Exposure
Duration

48 hr
8 day

10 day
10 day
96 hr
96 hr
6 day
96 hr
96 hr
6 day
24 hr
24 hr

30 day
96 hr
96 hr
96 hr
96 hr
4 day
15 day
96 hr
96 hr
24 hr
96 hr
96 hr
96 hr
96 hr
96 hr
8 day
8 day
20 day
34 day
24 hr
8 day
96 hr
96 hr
96 hr
24 hr
24 hr
24 hr
48 hr
7 day
7 day
48 hr
48 hr
48 hr

21 day

Measured
Effect
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality

Behavioral
Growth

Larval migration
Behavioral
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality

Enzyme activity
Biochemical

Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality
Mortality

Behavioral
Hematological

Mortality
Mortality
Mortality
Mortality

NA
NA

Behavioral
Growth

Reproduction
Mortality
Mortality
Mortality
Mortality

Test
Endpoint

LCso
LCso

NOEC
LC,oo
LCso
LCso
ECso
ECso

NOEC
ECso

NOEC
NOEC
NOEC
LCso
LCa,
LCso
LCso

LOEC
LOEC
LCso

NOEC
NOEC
LCso
LCso
LCso
LCso
LCso

MATC
LCso
LCso
LCso

NOEC
LOEC
LCso
LCso
LCso
LCso
ECso

NOEC
ECso

NOEC
NOEC
LCso
LCso
LCso
LCso

Total Fluoride
(mg/L)

125
97.5

<2.0
20

38.5
44.9
24.2
23.5
25.1
11.5
5*
5*
10

315
315
180
205
30
13

418
253
5'
51
128
140
193
200

27.6
97.5

2.7-4.7
61-85.3

100
4.5
340
380
460
340
352
231
98
3.7
3.7
180
284
220
14

Hardness
(mg/L)
150-300

22
73
73

12-19
12-19
40.2
15.6
15.6
40.2
0-17
0-17
21

20-48
10-42
10-92
12-256

NA
NA
NA
NA

0-17
17
49
182
385

23-62
22.4
21.2
<3
<3
low
NA
78
146
300
173
NA
NA
250
250
250
169
NA
NA
NA

Source
AQUIRE 1040084
AQUIRE 1131625
AQUIRE 101 8292
AQUIRE 1018293
AQUIRE 1030229
AQUIRE 1030230
AQUIRE 11 18521
AQUIRE 1119401
AQUIRE 11 19402
AQUIRE 11 21 21 4
AQUIRE 1093709
AQUIRE 1093710
Higleyetal. 1975
AQUIRE 1094195
AQUIRE 1094196
AQUIRE 10941 97
AQUIRE 1094198
AQUIRE 1023550
AQUIRE 11 16935
AQUIRE 1015405
AQUIRE 1015406
AQUIRE 1093708
AQUIRE 1078723
AQUIRE 1078724
AQUIRE 1078725
AQUIRE 1078726
AQUIRE 1094194
AQUIRE 1120079
AQUIRE 11 31 625
Neuhold & Singler 1960
Neuhotd & Singler 1960
AQUIRE 1035424
AQUIRE 1017155
AQUIRE 1094191
AQUIRE 1094192
AQUIRE 1094193
AQUIRE 1004900
AQUIRE 1085870
AQUIRE 1082947
AQUIRE 1092765
AQUIRE 1092766
AQUIRE 1092767
AQUIRE 11 02249
AQUIRE 1109005
AQUIRE 1109006
AQUIRE 1 109568

* The NOEC was the only concentration tested
NOEC = No observable effect concentration
LOEC = Lowest observable effect concentration
MATC = Max. acceptable toxicant cone, (geometric mean of the LOEC & NOEC}
ECSO = The statistical value where half of the organisms tested had an adverse effect
LCSO = The statistical value where half of the organisms tested died
LC100 = The concentration where all organisms tested died
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TableG-15
Sandy River Samples Used in Risk Analysis

Matrix
Surface Water

Sediment

Riparian Soil

Sample ID
SR-SW1 9-05295-0
SR-SW20-05295-0
SR-Sw21 -05295-0
SR-SW044-25096-0
SR-SW040-25-96-0
SR-SW041 -25096-0
SR-SD1 9-0001-0
SR-SD20-0001-0
SR-SD21 -0001-0
SR-SD038-0000-0
SR-SD039-0000-0
SR-SD040-0000-0
SR-SD041 -0000-0
SR-SD042-0000-0
SR-SD043-0000-0
SR-SB001 -0000-0
SR-SB002-0000-0
SR-SB003-0000-0
SR-SB004-0000-0

Date Sampled
2/21/95
2/21/95
2/21/95
9/6/96 '
9/6/96
9/6/96
2/21/95
2/21/95
2/21/95
9/6/96
9/6/96
9/6/96
9/6/96
9/6/96
9/6/96
9/6/96
9/6/96
9/6/96
9/6/96
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Table G-16

Noncancer Health Risk Evaluation: Surface Water Ingestion
Recreational Scenario

Reynolds Metals Company - Sandy River Calculated Surface Water

Chemical

Aluminum, Total
Barium, Total
Beryllium, Total
Chromium, Total
Copper, Total
Iron, Total
Manganese, Total
Nickel, Total
Nitrate-N
Silver, Total

Reference
Dose (Rf D)
mg/kg-day
1.00E+00
7.00E-02
5.00E-03
5.00E-03
3.70E-02
3.00E-01
4.67E-02
2.00E-02
1.60E+00
5.00E-03

Calculated
Surface
Water
(M9/L)

3
0.3

0,003
0.1

0.01
148
7

0.1
4

0.01

Estimated Daily
Intake (D!)

{mg/kg-day)
1.68E-07
1.37E-08
1.53E-10
4.63E-Q9
5.60E-10
7.53E-06
3.77E-07
3.05E-09
2.04E-07
7.12E-10

Hazard
Quotient
(DI/RfD}
1.7E-07
2.0E-07
3.1E-08
9.3E-07
1.5E-08
2.5E-05
8.1E-06
'1.5E-07
1.3E-07
1.4E-07

Exceed
.Reference

Dose?
NO
NO
NO
NO
NO
NO
NO.
NO
NO
NO

Percent
of Total

Risk
0.5
1

0.1
3

0.04
72
23
0.4
0.4
0.4

HAZARD INDEX (Sum of DI/RfD) <0.01

I
I
I
i
i
i
t
•i
i
i
i
i
i
t
i
i
i

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Water Intake (Uhour)
Body Weight (kilograms)
Number of hours/day exposed
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed
Averaging time: lifetime (yrs)
Lifetime Average Water Intake (mg/kg

- Child
- Child

- Child

body wt^day)

Recreational
Reasonable Maximum

0.05
35
0.5

1
26
5
5

0.0001
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TableG-17

Noncarcinogenic Health Risk Evaluation: Dermal
Recreational Swimming Scenario

Reynolds Metals Company -Sandy River Calculated Surface Water

Chemical

Aluminum, Total
Barium, Total
Beryllium, Total
Chromium, Total
Copper, Total
Iron, Total
Manganese, Total
Nickel, Total
Nitrate-N
Silver, Total

Reference
Dose (Rf D)
(mg/kg/day)

1.00E+00
7.00E-02
5.00E-03
5.00E-03
3.70E-02
3.00E-01
4.67E-02
2.00E-02
1.60E+00
5.00E-03

Skin
Permeability

Constant
(cm/hr)
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03

. Calculated
Surface
Water
(M9/L)

3
0.3

0,003
0.1

0.01
148
7

0.1
4

0,01

Estimated
Daily

Intake (Dl)
(mg/kg/day)

3.4E-08
2.7E-09
3.1E-11
9.3E-10
1.1E-10
1.5E-06
7.5E-08
6.1E-10
4.1E-08
1.4E-10

Hazard
Quotient
(DI/RfD)
3.4E-08
3.9E-08
6.1E-09
1.9E-07
3.0E-09
5.0E-06
1.6E-06
3.1E-08
2.5E-08
2.8E-08

Exceed
Reference

Dose ?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
0.5
1

0.1
3

0.04
72
23
0.4
0.4
0.4

HAZARD INDEX (Sum of DI/RfD) <0.01

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms)
Number of days/week exposed
Number of weeks/year exposed

Recreational
Reasonable Maximum

35
1

26

Number of Years Exposed
Averaging Time (yrs)
Exposed Skin Surface Area (cm2)
Time in Water (min/day)

5
5

10000
30

TableG-18
Excess Lifetime Cancer Risk: Surface Water Ingestion

Recreational Swimming Scenario
Reynolds Metals Company - Sandy River Calculated Surface Water

Chemical

Beryllium

EPA
Carcinogen

Classification
B2

Cancer
Slope Factor
(kg-day/mg)

4.30E+00

Calculated
Surface
Water
(M9/L)

3.00E-03

Excess
Lifetime

Cancer Risk
4.69E-11

Percent
of Total

Risk
100.0

SUM OF RISKS 4.69E-11

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Water Intake (L/hour) - Child
Body Weight (kilograms) - Child
Hours/day exposed
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed - Child
Averaging time: lifetime (yrs)
Lifetime Average Water Intake (mg/kg body wt ./day)

Recreational
Reasonable Maximum

0.05
35

0.5
1

26
5

70
3.63E-06
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TableG-19

Excess Lifetime Cancer Risk: Dermal
Recreational Swimming Scenario

Reynolds Metals Company - Sandy River Calculated Surface Water

Chemical

BERYLLIUM

EPA
Carcinogen

Classification
B2

Cancer
Slope Factor
(kg-day/mg)

4.30E+00

Skin
Permeability

Constant
(cm/hr)
0.001

Calculated
Surface
Water
(M9/L) .

3.00E-03

Excess
Lifetime

Cancer Risk
9.38E-12

Percent
of Total

Risk
100

SUM OF RISKS 9.4E-12

I
i
i
i
i
i
i

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms)
Number of Days/Week Exposed
Number of Weeks/Year Exposed

Recreational
Reasonable Maximum

35
1

26

Number of Years Exposed
Averaging Time: lifetime (yrs)
Exposed Skin Surface Area (cm2)
Duration of Contact (hour/day)

5
70

10000
0,5

Table G-20
Noncancer Health Risk Evaluation: Surface Water Ingestion

Recreational Scenario
Reynolds Metals Company - Sandy River Surface Water

Chemical

Cyanide
Aluminum, Total
Iron, Total
Manganese, Total
Mercury, Total

Reference
Dose (Rf Dj
mg/kg-day

0,02
1

0.3
0.05

0.0003

Maximum
Surface Water
Concentration

(ug/L)
91
578

6,120
1,780

0.5

Estimated Daily
Intake (Dl)

(mg/kg-day)
4.63E-06
2.94E-05
3.11 E-04
9.06E-05
2.54E-08

Hazard
Quotient
(Dt/RfD)
2.3E-04
2.9E-05
1.0E-03
1.8E-03
8.5E-05

Exceed
Reference

Dose?
NO
NO
NO
NO
NO

Percent
of Total

Risk
7

0.9

32

57

2.7
HAZARD INDEX (Sum of Dl/RfD) <0.01

i
i
i
i
i
i
i
i

i

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Water Intake (Uhour) - Chiid
Body Weight (kilograms) - Child
Number of hours/day exposed
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed - Child
Averaging time: lifetime (yrs)
Lifetime Average Water Intake (mg/kg body wt/day)

Recreational
Reasonable Maximum

0.05

35

0.5

1

26
5

5

0.0001
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Table G-21
Noncarcinogenic Health Risk Evaluation:

Dermal Contact with Surface Water
Reynolds Metals Company - Sandy River Surface Water

Chemical

Cyanide
Aluminum, Total
Iron, Total
Manganese, Total
Mercury, Total

Reference
Dose (Rf D)
(mg/kg/day)

0.02
1

0.3
0.05

0.0003

Skin
Permeability

Constant
(cm/hr)
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03

Maximum
Surface Water
Concentration

(|jg/L)
91
578

6,120
1,780

0.5

Estimated
Daily

Intake (Dl)
(mg/kg/day)

9.3E-07
5.9E-06
6.2E-05
1.8E-05
5.1E-09

Hazard
Quotient ,
(DI/RfD)
4.6E-05
5.9E-06
2.1E-04
3.6E-04
1.7E-05

Exceed
Reference

Dose?
NO
NO
NO
NO
NO

Percent
of Total

Risk
7

0.9
32
57
2.7

HAZARD INDEX (Sum of DI/RfD) <0.01

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms)
Number of days/week exposed
Number of weeks/year exposed

Recreational
Reasonable Maximum

35
1

26

Number of Years Exposed
Averaging Time (yrs)
Exposed Skin Surface Area (cm2)
Time in Water (hr/day)

5
5

10000
0.5

Table G-22
Excess Lifetime Cancer Risk: Sediment Ingestion

Recreational Scenario
Reynolds Metals Company - Sandy River Sediment

Chemical

Arsenic

EPA
Carcinogen

Classification
A

Cancer
Slope Factor
(kg-day/mg)

1.50

Maximum
Sediment

Concentration
(ng/kg)
3,000

Excess
Lifetime

Cancer Risk
1.31E-07

Percent
of Total

Risk
100

SUM OF RISKS 1.3E-07

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Soil Intake (mg/day) - Child
Body Weight (kilograms) - Child
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed - Child
Averaging time: lifetime (yrs)
Lifetime Average Soil Intake (mg/kg body wt./day)

Recreational
Reasonable Maximum

200
35
1

26
5

70
0.03

1
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Table G-23

Noncancer Health Risk Evaluation: Sediment Ingestion
Recreational Scenario

Reynolds Metals Company - Sandy River Sediment

Chemical

Aluminum
Arsenic
Barium
Benzoic Acid
Chromium VI
Cobalt
Copper
Cyanide
Fluoride (340.1/.2)
Iron
Manganese
Nickel
Vanadium
Zinc

Reference
Dose (RfD)
mg/kg-day

1
0.0003

0.07
4

0.005
0.06
0.037
0.02
0.06
0.3

0.14
0.02
0.007
0.3

Maximum
Sediment

Concentration
(Mg/kg)

16,000,000
3,000
98,200
5,300
20,100
10,700
25,500
1,100

330,000
22,100,000

301,000
17,000
53,400
61,000

Estimated Daily
Intake (Dl)

(mg/kg-day)
6.51 E-03
1.22E-06
4.00E-05
2.16E-06
8.18E-06
4.36E-06
1.04E-05
4.48E-07
1.34E-04
9.00E-03
1.23E-04
6.92E-06
2.17E-05
2.48E-05

Hazard
Quotient
(DI/RfD)
6.5E-03
4.1 E-03
5.7E-04
5.4E-07
1.6E-03
7.3E-05
2.8E-04
2.2E-05
2.2E-03
3.0E-02
8.8E-04
3.5E-04
3.1 E-03
8.3E-05

Exceed
Reference

Dose?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
13
8.2
1.1

<0.01
3.3

0.15
0.56
0.04
4.5
60
1.8

0.69
6.2
0.17

HAZARD INDEX (Sum of DI/RfD) 0.050

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Soil Intake (mg/day) - Child
Body Weight (kilograms) - Child
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed - Child
Averaging time: lifetime (yrs)
Lifetime Average Soil Intake {mg/kg body wt/day)

Recreational
Reasonable Maximum

200
35
1

26
5
5

0.41
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Table G-24

Excess Lifetime Cancer Risk:
Skin Contact with Chemicals in Sediment

Reynolds Metals Company - Sandy River Sediment

Chemical

Arsenic

EPA
Carcinogen

Classification
A

Cancer
Slope Factor
(kg-day/mg)

1.50

Percent
Dermal

Absorption
3%

Maximum
Sediment

Concentration
fog/kg)
3,000

Excess
Lifetime

Cancer Risk
6.3E-08

Percent
of Total

Risk
' 100

SUM OF RISKS 6.3E-08

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms) - Child
Number of Days/Week Exposed
Number of Weeks/Year Exposed
Number of Years Exposed - Child

Recreational
Reasonable Maximum

35
1

26
5

Averaging Time: lifetime (yrs)
Exposed Body Part(s)
Exposed Skin Surface Area - Child (cmz)
Soil Contact Rate (mg/day) - Child
Soil to Skin Adherence Factor (mg/cm*)

70
Arms, hands, tegs

3200
3200

1.0

Table G-25
Noncancer Health Risk Evaluation

Skin Contact with Chemicals in Sediment
Reynolds Metals Company - Sandy River Sediment

Chemical

Aluminum
Arsenic
Barium
Benzoic Acid
Calcium
Chromium VI
Cobalt
Copper
Cyanide
Fluoride (340.1/.2)
iron
Lead
Magnesium
Manganese
Nickel
Potassium
Sodium
Vanadium
Zinc

Reference
Dose (RfD)
mg/kg/day

1
0.0003
0.07
4.00

0.005
0.06
0.04

0.02

0.06
0.3

0.1
0.02

0.007
0.3

Percent
Dermal

Absorption
1%
3%

1%
10%

1%

1%
1%

1%

1%

1%

1%

1%
1%

1%

1%

1%

1%

1%

1%

Maximum
Sediment

Concentration
(ug/kg)

16,000,000
3,000
98,200
5,300

4,730,000
20,100
10,700
25,500

1,100

330,000
22,100,000

10,000
3,840,000
301,000
17,000

787,000
669,000

53,400
61,000

Estimated Daily
Intake (Dl)

(mg/kg/day)
1.04E-03
5.86E-07

6.40E-06

3.45E-06

3.08E-04

1.31E-06
6.97E-07

1.66E-06
7.16E-08
2.15E-05
1.44E-03
6.51 E-07
2.50E-04
1.96E-05
1.11E-06
5.13E-05
4.36E-05
3.48E-06
3.97E-06

Hazard
Quotient
(DI/RfD)
1.0E-03
2.0E-03
9.1E-05

8.6E-07

2.6E-04
1.2E-05
4.5E-05

3.6E-06
3.6E-04
4.8E-03

1.4E-04
5.5E-05

5.0E-04
1.3E-05

Exceed
Reference

Dose?
NO
NO
NO
NO

NO
NO
NO
NO
NO
NO

NO
NO

NO
NO

Percent
of Total

Risk
11

21.1

1.0
<0.01

2.8

0.13
0.48

0.04

3.9
52

1.5

0.60

5.4
0.14

HAZARD INDEX (Sum of DI/RfD) 0.0093

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms) - Child
Number of Days/Week Exposed
Number of Weeks/Year Exposed
Number of Years Exposed - Child

Recreational
Reasonable Maximum

35
1

26
5

Averaging Time: lifetime (yrs)
Exposed Body Part(s)
Exposed Skin Surface Area - Child (cm2)
Soil Contact Rate (mg/day) - Child
Soil to Skin Adherence Factor (mg/cm2)

5
Arms, hands, legs

3200

3200

1.0
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Table G-26

Excess Lifetime Cancer Risk: Riparian Soil Ingestion
Recreational Scenario

Reynolds Metals Company - Sandy River Riparian Soil

Chemical

Arsenic

ERA
Carcinogen

Classification
A

Cancer
Slope Factor
(kg-day/mg)

1.50

Maximum Soil
Concentration

(MS/Kg)
1,900

Excess
Lifetime

Cancer Risk
8.29E-08

Percent
of Total

Risk
100

SUM OF RISKS 8.3E-08

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Soil Intake (mg/day) - Child
Body Weight (kilograms) - Child
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed - Child
Averaging time: lifetime (yrs)
Lifetime Average Soil Intake (mg/kg body wt/day)

Recreational
Reasonable Maximum

200
35
1

26
5

70
0.03

Table G-27
Noncancer Health Risk Evaluation: Riparian Soil Ingestion

Recreational Scenario
Reynolds Metals Company - Sandy River Riparian Soil

Chemical

Aluminum
Arsenic
Barium
Chromium V!
Cobalt
Copper
Fluoride (340.1/.2)
Iron
Manganese
Nickel
Vanadium
Zinc

Reference
Dose (RfD)
mg/kg-day

1
0.0003

0.07
0.005

0.06
0.037

0.06
0.3

0.14
0.02
0.007
0.3

Maximum Soil
Concentration

(Mg^g)
14,500,000

1,900
66,100
18,800
10,100
24,200
350,000

19,200,000
276,000
17,100
52,500
47,100

Estimated Daily
Intake (Dl)

{mg/kg-day}
5.90E-03
7.73E-07
2.69E-05
7.65E-06
4.11E-06
9.85E-06
1.42E-04
7.82E-03
1.12E-04
6.96E-06
2.14E-05
1.92E-05

Hazard
Quotient
(DI/RfD)
5.9E-03
2.6E-03
3.8E-04
1.5E-03
6.9E-05
2.7E-04
2.4E-03
2.6E-02
8.0E-04
3.5E-04
3.1E-03
6.4E-05

Exceed
Reference

Dose?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
14.
5.9

0.89
3.5

0.16
0.61
5.5
60
1.8

0.80
7.0

0.15
HAZARD INDEX (Sum of DI/RfD) 0.043

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Soil intake {mg/day)
Body Weight (kilograms)
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed
Averaging time: lifetime (yrs)

- Child
-Child

- Child

Lifetime Average Soil Intake {mg/kg body wt/day)

Recreational
Reasonable Maximum

200
35

1
26
5
5

0.41
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Table G-28

Excess Lifetime Cancer Risk: Dermal Contact with Soil
Recreational Scenario

Reynolds Metals Company - Sandy River Riparian Soil

Chemical

Arsenic

ERA
Carcinogen

Classification
A

Cancer
Slope Factor
(kg-day/mg)

1.5

Percent
Dermal

Absorption
3%

Maximum Soil
Concentration

(ug/kg)
1,900

Excess
Lifetime

Cancer Risk
4.0E-08

Percent
of Total

Risk
100

SUM OF RISKS 4.0E-08

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms) - Child
Number of Days/Week Exposed
Number of Weeks/Year Exposed
Number of Years Exposed - Child

Recreational
Reasonable Maximum

35
1

26
5

Averaging Time: lifetime (yrs)
Exposed Body Part(s)
Exposed Skin Surface Area - Child (cm2)
Soil Contact Rate (mg/day) - Child
Soil to Skin Adherence Factor (mg/cm2)

70
Arms, hands, legs

3200
3200

1.0

Table G-29
Noncancer Health Risk Evaluation: Dermal Contact with Soil

Recreational Scenario
Reynolds Metals Company - Sandy River Riparian Soil

Chemical

Aluminum
Arsenic
Barium
Chromium VI
Cobalt
Copper
Fluoride (340.1/.2)
iron
Manganese
Nickel
Vanadium
Zinc

Reference
Dose (RfD)
mg/kg/day

1
0.0003
0.07
0.005
0.06
0.04
0.06
0.3
0.1
0.02
0.007
0.3

Percent
Dermal

Absorption
1%
3%
1%
1%
1%
1%
1%
1%
1%
1%
1%
1%

Maximum Soil
Concentration

(M9/kg)
14,500,000

1,900
66,100
18,800
10,100
24,200
350,000

19,200,000
276,000
17,100
52,500
47,100

Estimated Daily
Intake (D!)
(mg/kg/day)
9.44E-04
3.71 E-07
4.30E-06
1.22E-06
6.58E-07
1.58E-06
2.28E-05
1.25E-03
1.80E-05
1.11E-06
3.42E-06
3.07E-06

Hazard
Quotient
(DI/RfD)
9.4E-04
1.2E-03
6.1E-05
2.4E-04
1.1E-05
4.3E-05
3.8E-04
4.2E-03
1.3E-04
5.6E-05
4.9E-04
1.0E-05

Exceed
Reference

Dose?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
12

15.9
0.79
3.2

0.14
0.55
4.9
54
1.7

0.72
6.3

0.13
HAZARD INDEX (Sum of DI/RfD) 0.0078

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms) - Child
Number of Days/Week Exposed
Number of Weeks/Year Exposed
Number of Years Exposed - Child

Recreational
Reasonable Maximum

35
1

26
5

Averaging Time: lifetime (yrs)
Exposed Body Part(s)
Exposed Skin Surface Area - Child (cm2)
Soil Contact Rate (mg/day) - Child
Soil to Skin Adherence Factor (mg/cm2)

5
Arms, hands, legs

3200
3200
1.0

I
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Table G-30
Salmon Creek Samples Used in Risk Analysis

Matrix
Surface Water

Sediment

Sample ID
RM-SW14
SC-ST0601-091960
SC-ST0602-1 49960
SC-ST0701-091960
SC-ST0702-1 49960
WD-SW25-05395-0
WD-SW26-05395-0
RM-SD12
RM-SD13
RM-SD14
WD-SD25-0001-0
WD-SD26-0001-0

Date Sampled
18-Aug-94
31 -Mar-96
28-May-96
31 -Mar-96
28-May-96
22-Feb-95
22-Feb-95
18-Aug-94
18-Aug-94
18-Aug-94
22-Feb-95
22-Feb-95

Table G-31
Excess Lifetime Cancer Risk: Surface Water ingestion

Trespasser Scenario
Reynolds Metals Company - Salmon Creek Surface Water

Chemical

Benzo(b)Fluoranthene

EPA
Carcinogen

Classification
B2

Cancer
Slope Factor
(kg-day/mg)

7.30E-01

Maximum Detected
Surface Water
Concentration

(Mg/M
1.10E-01

Excess
Lifetime

Cancer Risk
2.92E-10

Percent
of Total

Risk
100,0

SUM OF RISKS 2.92E-1 0

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Water Intake (Uhour) - Child
Body Weight (kilograms - Child
Hours/day exposed
Number of days/week exposed
Number of weeks/year exposed
Number of years expose - Child
Averaging time: lifetime (yrs)
Lifetime Average Water fntake (mg/kg body wtJday)

Trespasser
Reasonable Maximum

0.05
35
0.5

1
26
5

70
3.63E-06
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Table G-32
Noncancer Health Risk Evaluation: Surface Water Ingestion

Trespasser Scenario
Reynolds Metals Company - Salmon Creek Surface Water

Chemical

Aluminum
Copper
Fluoranthene
Fluorene
Fluoride (340.2 M)
Iron
Manganese
Pyrene
Vanadium
Zinc

Reference
Dose (RfD)
mg/kg-day
1.00E+00
3.70E-02
4.00E-02
4.00E-02
6.00E-02
3.00E-01
5.00E-02
3.00E-02
7.00E-03
3.00E-01

Maximum Detected
Surface Water
Concentration

(M9/L)
5.35E+03
1.46E+01
1.10E-01
2.00E-01
1.00E+03
7.67E+03
6.80E+01
2.00E-01
2.40E+01
7.12E+Q1

Estimated Daily
Intake (Dl)

(mg/kg-day)
2.72E-04
7.43E-07
5.60E-09
1.02E-08
5.09E-05
3.90E-04
3.46E-06
1.02E-08
1.22E-06
3.62E-06

Hazard
Quotient
{Dl/RfD)
2.72E-04
2.01 E-05
1.40E-07
2.54E-07
8.48E-04
1.30E-03
6.92E-05
3.39E-07
1.74E-04
1.21 E-05

Exceed
Reference

Dose?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
10
1

<0.01
<0.01

31
48
3

0.01
6

0.45
HAZARD INDEX {Sum of Dl/RfD) 0.003

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Water Intake (L/hour)
Body Weight (kilograms)
Hours/day exposed
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed
Averaging time: lifetime (yrs)

- Child
- Child

- Child

Lifetime Average Water Intake (mg/kg body wt./day)

Trespasser
Reasonable Maximum

0.05
35
0.5

1
26
5
5

5.09E-05

1
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Table G-33

Noncarcinogenic Health Risk Evaluation:
Dermal Contact with Surface Water

Reynolds Metals Company - Salmon Creek Surface Water

Chemical

Aluminum
Copper
Fiuoranthene
Fluorene
Fluoride (340.2 M)
Iron
Manganese
Pyrene
Vanadium
Zinc

Reference
Dose (Rf D)
(mg/kg/day)

1.00E+00
3.70E-02
4.00E-02
4.00E-02
6.00E-02
3.00E-01
5.00E-02
3.00E-02
7.00E-03
3.00E-01

Skin
Permeability

Constant
(cm/hr)
1.00E-03
1.00E-03
3.60E-01
1.70E-01
1.00E-03
1.00E-03
1.00E-03
3.30E-01
1.00E-03
1.00E-03

Maximum Detected
Surface Water
Concentration

(fg/L)
S.35E-tQ3
1.46E+01
1.10E-01
2.00E-01
1.00E+03
7.67E+03
6,80E-f01
2.00E-01
2.40E+01
7.12E+01

Estimated
Daily

intake (Di)
{mg/kg/day)

1.74E-05
4.75E-08
1.29E-07
1.11E-07
3.26E-06
2.50E-05
2.21 E-07
2.15E-07
7.82E-08
2.32E-07

Hazard
Quotient
{DI/RfD)
1.74E-05
1.28E-06
3.22E-06
2.77E-06
5.43E-05
8.33E-05
4.43E-06
7.16E-06
1.12E-05
7.73E-07

Exceed
Reference
' Dose ?

NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
9
1
2
1

29
45
2
4
6

0.42
HAZARD INDEX (Sum of DI/RfD) 0.0002

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight {kilograms)
Number of days/week exposed
Number of weeks/year exposed

Trespasser
Reasonable Maximum

35
1

26

Number of Years Exposed
Averaging Time (yrs)
Exposed Body Part(s)
Exposed Skin Surface Area
Time in Water (hour/day)

5
5

Arms, hands, legs
{cm2) 3200

0,5
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Table G-34
Excess Lifetime Cancer Risk: Sediment Ingestion

Trespasser Scenario
Reynolds Metals Company - Salmon Creek Sediment

Chemical

Aroclor1254
Aroolor 1260
Arsenic
Benzo(a)Anthracene
Benzo(a)Pyrene
Benzo(b) Fluoranthene
Benzo(k)Fluoranthene
Chrysene
Dibenzo(a,h)Anthracene
lndeno(1 ,2,3-cd)Pyrene

EPA
Carcinogen

Classification
B2
B2
A
B2
B2
B2
B2
B2
B2
B2

Cancer
Slope Factor
(kg-day/mg)

2.00E+00
2.00E+00
1.50E+00
7.30E-01
7.30E+00
7.30E-01
7.30E-02
7.30E-03
7.30E+00
7.30E-01

Maximum Detectec
Sediment

Concentration
(Mg/kg)

1.20E+02
2.30E+02
4.00E+03
9.20E+02
1.10E+03
2.50E+03
5.60E+02
1.00E+03
9.70E+01
7.20E+02

1
Excess
Lifetime

Cancer Risk
6.98E-09
1.34E-08
1.74E-07
1.95E-08
2.33E-07
5.31 E-08
1.19E-09
2.12E-10

• 2.06E-08
1 .53E-08

Percent
of Total

Risk
1
2
32
4
43
10

0.22
0.04
4
3

SUM OF RISKS 5.38E-07

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Soil Intake (mg/day) - Child
Body Weight (kilograms) - Child
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed - Child
Averaging time: lifetime (yrs)
Lifetime Average Soil Intake {mg/kg body wt./day)

Trespasser
Reasonable Maximum

200
35
1

26
5

70
0.03
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Table G-35

Noncancer Health Risk Evaluation: Sediment Ingestion
Trespasser Scenario

Reynolds Metals Company - Salmon Creek Sediment

Chemical

Acenaphthene
Aluminum
Anthracene
Aroclor 1254
Arsenic
Barium
Cadmium
Chromium
Cobalt
Copper
Cyanide
Fiuoranthene
Fluoride By 340.1/340.2
Iron
Manganese
Nickel
Pyrene
Vanadium
Zinc

Reference
Dose (RfD)
mg/kg-day
6.00E-02
1.00E+00
3.00E-01
2.00E-05
3.00E-04
7.00E-02
1.00E-03
5.00E-03
6.00E-02
3.70E-02
2.00E-02
4.00E-02
6.00E-02
3.00E-01
1.40E-01
2.00E-02
3.00E-02
7.00E-03
3.00E-01

Maximum Detected
Sediment

Concentration
(MS/kg)

2.00E+01
1.70E+07
7.70E+01
1.20E+02
4.00E+03
8.80E-f04
1.30E+03
1.90E+04
1.80E+04
5.70E+04
2.20E+03
1.20E+03
3.80E-f05
2.50E+07
2.00E+05
4.40E+04
1.30E-f-03
8.00E+04
2.60E+05

Estimated Daily
Intake (Dl)

(mg/kg-day)
8.14E-09
6.92E-03
3.13E-08
4.88E-08
1.63E-06
3.58E-05
5.29E-07
7.73E-06
7.33E-06
2.32E-05
8.95E-07
4.88E-07
1.55E-04
1.02E-02
8.14E-05
1.79E-05
5.29E-07
3.26E-05
1.06E-04

Hazard
Quotient
{DI/RfD)
1.36E-07
6.92E-03
1.04E-07
2.44E-03
5.43E-03
5.12E-04
5.29E-04
1.55E-03
1.22E-04
6.27E-04
4.48E-05
1.22E-05
2.58E-03
3.39E-02
5.81 E-04
8.95E-04
1.76E-05
4.65E-03
3.53E-04

Exceed
Reference

Dose?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
<0.01

11
<0.01

4
9
1
1
3

0.20
1

0.07
0.02

4
55
1
1

0.03
8
1

HAZARD INDEX (Sum of DI/RfD) 0.06

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Soil Intake (mg/day) - Child
Body Weight (kilograms) - Child
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed - Child
Averaging time: lifetime (yrs)
Lifetime Average Soil Intake {mg/kg body wt/day)

Trespasser
Reasonable Maximum

200
35
1

26
5
5

0.41
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Table G-36
Excess Lifetime Cancer Risk:

Dermal Contact with Chemicals in Sediment
Reynolds Metals Company - Salmon Creek Sediment

Chemical

Aroclor 1254
Aroclor 1260
Arsenic

EPA
Carcinogen

Classification
B2
B2
A

Cancer
Slope Factor
(kg-day/mg)

2.00E+00
2.00E+00
1.50E+00

Percent
Dermal

Absorption
6%
6%
3%

Maximum Detectec
Sediment

Concentration
ftig/kg)

1.20E+02
2.30E+02
4.00E+03

Excess
Lifetime

Cancer Risk
6.70E-09
1.28E-08
8.37E-08

Percent
of Total

Risk
6
12
81

SUM OF RISKS 1 .03E-07

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms) - Child
Number of Days/Week Exposed
Number of Weeks/Year Exposed
Number of Years Exposed - Child

Trespasser
Reasonable Maximum

35
1

26
5

Averaging Time: lifetime (yrs)
Exposed Body Part(s)
Exposed Skin Surface Area - Child (cm2)
Soil Contact Rate (mg/day) - Child
Soil to Skin Adherence Factor (mg/cm2)

70
Arms, hands, legs

3200
3200

1.0

NOTE: Carcinogenic risk of PAHs is addressed in uncertainty discussion.
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Table G-37
Noncancer Health Risk Evaluation

Dermal Contact with Chemicals in Sediment
Reynolds Metals Company - Salmon Creek Sediment

Chemical

Acenaphthene
Aluminum
Anthracene
Aroclor 1254
Arsenic
Barium
Cadmium
Chromium
Cobalt
Copper
Cyanide
Fluoranthene
Fluoride (340.1/.2)
iron
Manganese
Nickel
Pyrene
Vanadium
Zinc

Reference
Dose (RID)
mg/kg/day
6.00E-02
1.00E+00
3.00E-01
2.00E-05
3.00E-04
7.00E-02
1.00E-03
5.00E-03
6.00E-02
3.70E-02
2.00E-02
4.00E-02
6.00E-02
3.00E-01
1.40E-01
2.00E-02
3.00E-02
7.00E-03
3.00E-01

Percent
Dermal

Absorption
13%
1%
13%
6%
3%
1%
0%
1%
1%
1%
1%
13%
1%
1%
1%
1%
13%
1%
1%

Maximum Detected
Sediment

Concentration
(pg/kg)

2.00E+01
1.70E+07
7.70E+01
1.20E+02
4.00E+03
8.80E+04
1.30E+03
1.90E+04
1.80E+04
5.70E+04
2.20E+03
1.20E+03
3.80E+05
2.50E+07
2.00E+05
4.40E+Q4
1.30E+03
8.00E+04
2.60E+05

Estimated Daily
Intake (Dl)

(mg/kg/day)
1.69E-08
1.11E-03
6.52E-08
4.69E-08
7.82E-07
5.73E-06
8.47E-09
1.24E-06
1.17E-06
3.71 E-06
1.43E-07
1.02E-06
2.47E-05
1.63E-03
1.30E-05
2.87E-06
1.10E-06
5.21 E-06
1.69E-05

Hazard
Quotient
(Dl/RfD)

2.82E-07
1.11E-03
2.17E-07
2.34E-03
2.61 E-03
8.19E-05
8.47E-06
2.47E-04
1.9SE-05
1.00E-04
7.16E-06
2.54E-05
4.12E-04
5.43E-03
9.30E-05
1.43E-04
3.67E-05
7.44E-04
5.64E-05

Exceed
Reference

Dose?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
<0.01

8
<0.01

17
19
1

0.06
2

0.15
1

0.05
0.19

3
40
1
1

0.27
6

0.42
HAZARD INDEX (Sum of Dl/RfD) 0.01

EXPOSURE ASSUMPTIONS
Exposure Setting Trespasser
Exposure Case Reasonable Maximum
Body Weight (kilograms) - Child 35
Number of Days/Week Exposed 1
Number of Weeks/Year Exposed 26
Number of Years Exposed - Child 5

Averaging Time: lifetime (yrs) 5
Exposed Body Part(s) Arms, hands, legs
Exposed Skin Surface Area - Child (cm2 3200
Soil Contact Rate (mg/day) - Child 3200
Soil to Skin Adherence Factor (mg/cm2) 1 .0
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Table G-38
East Lake Samples Used in Risk Analysis

Matrix
Surface Water

Sediment

Sample ID
RM-SW18
EL-SW001
EL-SW002
RM-SD18
EL-SD001
EL-SD002

Date Sampled
8/18/94
1/29/98
1/29/98
8/18/94
1/29/98
1/29/98

Table G-39
Noncancer Health Risk Evaluation: Surface Water Ingestion

Trespasser Scenario
Reynolds Metals Company - East Lake Surface Water

Chemical

Aluminum, Total
Copper, Total
Fluoride, Total (340.2M)
Iron, Total
Manganese, Total

Reference
Dose (RfD)
mg/kg-day
1.00E+00
3.70E-02
6.00E-02
3.00E-01
5.00E-02

Maximum
Surface Water
Concentration

(ug/L)
2.21 E+02
5.10E+00
7.00E+02
8.90E+02
8.50E+01

Estimated Daily
Intake (Dl)

(mg/kg-day)
1.12E-05
2.59E-07
3.56E-05
4.53E-05
4.32E-06

Hazard
Quotient
(DI/RfD)
1.12E-05
7.01 E-06
5.94E-04
1.51E-04
8.65E-05

Exceed
Reference

Dose?
NO
NO
NO
NO
NO

Percent
of Total

Risk
1.32
0.83
69.89
17.77
10.18

HAZARD INDEX (Sum of DI/RfD) 0.001

1
I
I
I
I
I
I
I
I

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Water Intake (L/hou
Body Weight (kilograms)
No. of Hours/day exposed
Number of days/week exposed
Number of weeks/year exposed
Number of years exposec
Averaging time: lifetime (yrs)

- Child
- Child

- Child

Lifetime Average Water Intake (mg/kg body wt./day)

Trespasser
Reasonable Maximum

0.05
35
0.5

1
26
5
5

0.00005
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Table G-40
Noncarcinogenic Health Risk Evaluation

Dermal Contact with Surface Water
Reynolds Metals Company -East Lake Surface Water

Chemical

Aluminum, Total
Copper, Total
Fluoride, Total (340.2M)
Iron, Total
Manganese, Total

Reference
Dose (RfD)
(mg/kg/day)

1.QOE+00
3.70E-02
6.00E-02
3.00E-01
5.00E-02

Skin
Permeability

Constant
(cm/hr)
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03

Maximum
Surface Water
Concentration

(MS/1-}
2.21 E+02
5.10E+00
7.00E+02
8.90E+02
8.50E-f-01

Estimated
Daily

Intake (Dl)
(mg/kg/day)

7.20E-07
1.66E-08
2.28E-06
2.90E-06
2.77E-07

Hazard
Quotient
(DI/RfD)
7.20E-07
4.49E-07
3.80E-05
9.66E-06
5.54E-06

Exceed
Reference

" • Dose ?
NO
NO
NO
NO
NO

Percent
of Total

Risk
1
1

70
18
10

HAZARD INDEX (Sum of DI/RfD) 0.0001

I
pI
I
I
I
I
I
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EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms)
Number of days/week exposed
Number of weeks/year exposed

Trespasser
Reasonable Maximum

35
1

26

Number of Years Exposed
Averaging Time (yrs)
Exposed Body Part(s)
Exposed Skin Surface Area (cm2)
Time in Water (hour/day)

5
5

Arms, hands, legs
3200

0.5

Table G-41
Excess Lifetime Cancer Risk: Sediment Ingestion

Trespasser Scenario
Reynolds Metals Company - East Lake Sediment

Chemical

Arsenic
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
lndeno(1 ,2,3-cd)pyrene

EPA
Carcinogen

Classification
A
B2
B2
B2
B2
B2
B2
B2

Cancer
Slope Factor
(kg-day/mg)

1.50E+00
7.30E-01
7.30E+00
7.30E-01
7.30E-02
7.30E-03
7.30E+00
7.30E-01

Maximum
Sediment

Concentration
(ug/fcg)

3.20E+03
7.20E+02
9.00E+02
1.40E+03
3.36E+02
1.00E+03
1.01E*02
6.90E+02

SUM OF RISKS

Excess
Lifetime

Cancer Risk
1.40E-07
1.53E-08
1.91E-07
2.97E-08
7.13E-10
2.12E-10
2.14E-08
1.46E-08

Percent
of Total

Risk
34
4
46
7

0.2
0.1
5
4

4.13E-07

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Soil Intake (mg/day) - Child
Body Weight (kilograms) - Child
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed - Child
Averaging time: lifetime (yrs)
Lifetime Average Soil Intake (mg/kg body wt/day)

Trespasser
Reasonable Maximum

200
35
1

26
5

70
0.03
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Table G-42
Noncancer Health Risk Evaluation: Sediment Ingestion

Trespasser Scenario
Reynolds Metals Company - East Lake Sediment

Chemical

Aluminum
Arsenic
Barium
Cadmium
Chromium (VI)
Cobalt
Copper
Ftuoranthene
Fluoride
Iron
Manganese
Nickel
Pyrene
Vanadium
Zinc

Reference
Dose (RfD)
mg/kg-day
1.00E+00
3.00E-04
7.00E-02
1.00E-03
5.00E-03
6.00E-02
3.70E-02
4.00E-02
6.00E-02
3.00E-01
1.40E-01
2.00E-02
3.00E-02
7.00E-03
3.00E-01

Maximum
Sediment

Concentration
(MO/kg)

3.41 E+07
3.20E+03
1.56E+05
1.60E+03
3.68E+04
1.68E+04
5.88E+04
9.60E+02
5.70E+05
4.15E+07
4.47E+05
4.50E+04
1.00E+03
1.11E+05
1.35E+05

Estimated Daily
Intake (Dl)

(mg/kg-day)
1.39E-02
1.30E-06
6.35E-05
6.51 E-Q7
1.50E-05
6.84E-06
2.39E-05
3.91 E-07
2.32E-04
1.69E-02
1.82E-04
1.83E-05
4.07E-07
4.52E-05
5.50E-05

Hazard
Quotient
(DI/RfD)
1.39E-02
4.34E-03
9.07E-04
6.51 E-04
3.00E-03
1.14E-04
6.47E-04
9.77E-06
3.87E-03
5.63E-02
1.30E-03
9.16E-04
1.36E-05
6.45E-03
1.83E-04

Exceed
Reference

Dose?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
15
5
1
1
3

0.1
1

0.01
4
61
1
1

0.01
7

0.2
HAZARD INDEX (Sum of DI/RfD) 0.09

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Daily Soil Intake (mg/day)
Body Weight (kilograms)
Number of days/week exposed
Number of weeks/year exposed
Number of years exposed
Averaging time: lifetime (yrs)
Lifetime Average Soil Intake (mg/kg

Child
Child

Child

body wt./day)

Trespasser
Reasonable Maximum

200
35
1

26
5
5

0.41
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Table G-43
Excess Lifetime Cancer Risk:

Dermal Skin Contact with Chemicals in Sediment
Reynolds Metals Company - Easf Lake Sediment

Chemical

Arsenic

EPA
Carcinogen

Classification
A

Cancer
Slope Factor
(kg-day/mg)

1.50E+00

Percent
Dermal

Absorption
3%.

Maximum
Sediment

Concentration
(pg/kg)

3.20E+03

Excess
Lifetime

Cancer Risk
6.70E-08

Percent
of Total

Risk
100

SUM OF RISKS 6.70E-08

EXPOSURE ASSUMPTIONS
Exposure Setting
Exposure Case
Body Weight (kilograms) - Chiid
Number of Days/Week Exposed
Number of Weeks/Year Exposed
Number of Years Exposed - Child

Trespasser
Reasonable Maximum

35
1

26
5

Averaging Time: lifetime (yrs)
Exposed Body Part(s)
Exposed Skin Surface Area - Child (cm2)
Soil Contact Rate (mg/day) - Child
Soil to Skin Adherence Factor (mg/cm2)

70
Arms, hands, legs

3200
3200
1.00

NOTE: Carcinogenic risk of PAHs is addressed in uncertainty discussion.
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Table G-44
Noncancer Health Risk Evaluation

Skin Contact with Chemicals in Sediment
Reynolds Metals Company - East Lake Sediment

Chemical

Aluminum
Arsenic
Barium
Cadmium
Chromium (VI)
Cobalt
Copper
Fluoranthene
Fluoride (340.1/.2)
iron
Manganese
Nickel
Pyrene
Vanadium
Zinc

Reference
Dose (Rf D)
mg/kg/day
1.00E+00
3.00E-04
7.00E-02
1.00E-03
5.00E-03
6.00E-02
3.70E-02
4.00E-02
6.00E-02
3.00E-01
1.40E-01
2.00E-02
3.00E-02
7.00E-03
3.00E-01

Percent
Dermal

Absorption
1%
3%
1%
1%
1%
1%
1%
13%
1%
1%
1%
1%
13%
1%
1%

Maximum
Sediment

Concentration
(Mg/kg)

3.41 E+07
3.20E+03
1.56E+05
1.60E+03
3.68E+04
1.68E+04
5.88E+04
9.60E+02
5.70E-f-05
4.15E+07

. 4.47E+05
4.50E+04
1.00E+03
1.11E+05
1.35E+05

Estimated Daily
Intake (Dl)

(mg/kg/day)
2.22E-03
6.25E-07
1.02E-05
1.04E-07
2.40E-06
1.09E-06
3.83E-06
8.13E-07
3.71 E-05 •
2.70E-03
2.91 E-05
2.93E-06
8.47E-07
7.23E-06
8.79E-06

Hazard
Quotient
(DI/RfD)

2.22E-03
2.08E-03
1.45E-04
1.04E-04
4.79E-04
1.82E-05
1.03E-04
2.03E-05
6.19E-04
9.01 E-03
2.08E-04
1.47E-04
2.82E-05
1.03E-03
2.93E-05

Exceed
Reference

Dose?
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

Percent
of Total

Risk
14
13
1
1
3

0.1
1

0.1
4
55
1
1

0.2
6

0.2
HAZARD INDEX (Sum of DI/RfD) 0.016

EXPOSURE ASSUMPTIONS
Exposure Setting Trespasser
Exposure Case Reasonable Maximum
Body Weight (kilograms) - Child 35
Number of Days/Week Exposed 1
Number of Weeks/Year Exposed 26
Number of Years Exposed - Child 5

Averaging Time: lifetime (yrs) 5
Exposed Body Part(s) , Arms, hands, legs
Exposed Skin Surface Area - Child (cm2) 3200
Soil Contact Rate (mg/day) - Child 3200
Soil to Skin Adherence Factor (mg/cm2) 1 .0f
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